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In intra-abdominal and gynecologic infection 


due to indicated organisms 


CEFOTAN... 


(cefotetan disodium | 





Does so much for so much less than cefoxitin 4 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 
Urinary tract infections caused by E coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 
Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
{ayn ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

kin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 
Gynecologic infections caused by Staphylococcus aureust (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species, and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species*). 
intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniaet), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 
Bone and joint infections caused by Staphylococcus aureus. t 
“NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 
t Efficacy for this organism in this organ system was studied in fewer than ten infections. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

if there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
eee contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any ay who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require p aa and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

in common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 

articularly colitis. 

NFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by e. sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
meon of alcoholic beverages following the administration of CEFOTAN. 
DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should 
be carefully monitored, especially if higher dosages of the aminoglycoside are to be administered or if 
therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycoside antibi- 
otics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible 
that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be de- 
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CEFOTAN® (cefotetan disodium) 


velopmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. Similar lesions have been observed in 
experiments of comparable design with other methylthiotetrazole-containing antibiotics and impaired 
fertility has been reported, particularly at high dose levels. No testicular effects were observed in 
7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs (3 weeks old) that 
received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to humans is unknown. 
USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

in clinical studies the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 80) 
and nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 

(1 in 200), positive direct Coombs’ test (1 in 250), and thrombocytosis (1 in 300). 

Hepatic enzyme elevations occurred in 1.2 percent of nny and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

gpm | reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 

Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 
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GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 





Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or notentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 


Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dose” Every 12 hours 
10-30 Usual Recommended Dose” Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 


O. nh ht A ta 
“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 9 dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. The vials 
should not be stored at temperatures above 22°C and should be protected from light. 
1 gir 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21) 
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Notice to Contributors and Subscribers 


ANNALS OF SURGERY is a monthly journal which considers 
for publication original articles in the field of surgery. It is the 
oldest continuously published journal in the English language 
solely devoted to the surgical sciences. The Editorial Board con- 
siders only papers judged to offer significant contributions to 
the advancement of surgical knowledge. 

CONTRIBUTIONS. Four typed copies of the manuscript and 
four copies of the illustrations should be sent prepaid to the 
Chairman of the Editorial Board of Annals of Surgery. 


David C. Sabiston, Jr., M.D. 
Annals of Surgery 
Department of Surgery 
Duke University Medical Center 
Durham, North Carolina 27710 


Annals of Surgery has joined a number of other leading Med- 
ical Journals which endorse the “Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals.” These Re- 
quirements were established by an agreement among a number 
of Editors of Clinical Journals in the United States, Canada and 
the United Kingdom. The Criteria for preparation of manuscripts 
are as follows: 


SUMMARY OF REQUIREMENTS 


Type manuscript double spaced, including title page, abstract, 
text, acknowledgments, references, tables, and legends. 

Each manuscript component should begin on a new page, 
in this sequence: 

Title page 

Abstract and key words 

Text 

Acknowledgments 

References 

Tables: each table, complete with title and footnotes, on a 

separate page 

Legends for illustrations 

Illustrations must be good quality, unmounted glossy prints 
usually 12.7 by 17.3 cm (5 by 7 in.) but no larger than 20.3 by 
25.4 cm (8 by 10 in.). 

Submit the required number of copies of manuscript and 
figures (see journal’s instructions) in heavy-paper envelope. 
Submitted manuscript should be accompanied by covering letter, 
as described under “Submission of Manuscripts,” and permis- 
sions to reproduce previously published materials or to use il- 
lustrations that may identify subjects. 

Follow journal’s instructions for transfer of copyright. 

Authors should keep copies of everything submitted. 


PREPARATION OF MANUSCRIPT 


Type manuscript on white bond paper, 20.3 by 26.7 cm or 
21.6 by 27.9 cm (8 by 10% in. or 8% by 11 in.) or ISO A4 (212 
by 297 mm) with margins of at least 2.5 cm (1 in.). Use double 
spacing throughout, including title page, abstract, text, acknowl- 
edgments, references, tables, and legends for illustrations. Begin 
each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, in- 


dividual tables, and legends. Number pages consecutively, be- 
ginning with the title page. Type the page number in the upper 
right-hand corner of each page. 

Manuscripts will be reviewed for possible publication with 
the understanding that they are being submitted to one journal 
at a time and have not been published, simultaneously submitted, 
or already accepted for publication elsewhere. This does not 
preclude consideration of a manuscript that has been rejected 
by another journal or of a complete report that follows publi- 
cation of preliminary findings elsewhere, usually in the form of 
an abstract. Copies of any possibly duplicative published material 
should be submitted with the manuscript that is being sent for 
consideration. 


TITLE PAGE 

The title page should contain [1] the title of the article, which 
should be concise but informative; [2] a short running head or 
footline of no more than 40 characters (count letters and spaces) 
placed at the foot of the title page and identified; [3] first name, 
middle initial, and last name of each author, with highest ac- 
ademic degree(s); [4] name of department(s) and institution(s) 
to which the work should be attributed; [5] disclaimers, if any: 
[6] name and address of author responsible for correspondence 
about the manuscript; [7] name and address of author to whom 
requests for reprints should be addressed, or statement that 
reprints will not be available from the author; [8] the source(s) 
of support in the form of grants, equipment, drugs, or all of 
these. 


ABSTRACT AND KEY WORDS 

The second page should carry an abstract of not more than 
150 words. The abstract should state the purposes of the study 
or investigation, basic procedures (study subjects or experimental 
animals and observational and analytic methods), main findings 
(give specific data and their statistical significance, if possible), 
and the principal conclusions. Emphasize new and important 
aspects of the study or observations. Use only approved abbre- 
viations (see list of Commonly Used Approved Abbreviations 
elsewhere in this document). 

Key (indexing) terms: Below the abstract, provide and identify 
as such, three to 10 key words or short phrases that will assist 
indexers in cross-indexing your article and that may be published 
with the abstract. Use terms from the Medical Subject Headings 
list from Index Medicus whenever possible. 


TEXT 

The text of observational and experimental articles is usually— 
but not necessarily—divided into sections with the headings 
Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their con- 
tent, especially the Results and Discussion sections. Other types 
of articles such as case reports, reviews, and editorials are likely 
to need other formats, and authors should consult individual 
journals for further guidance. 

Introduction: Clearly state the purpose of the article. Sum- 
marize the rationale for the study or observation. Give only 
strictly pertinent references, and do not review the subject ex- 
tensively. 
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Angelchik 
procedure 
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against 

the Nissen 
fundoplication. 


Comprehensive data 
provided by 24 studies, 
involving over 2000 
patients, has enabled a 
comparison of anti-reflux 
procedures. Combined 
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Over the past three years, 500,000 
people got some good news about kidney 
stone surgery — they 
technique — extracorporeal shock 
wave lithotripsy — a technique Fi 
developed by a group of a at 
Dornier, the company that put 20 ) 
== years of research into perfecting 500, 000 
"= Everything we've learned in 
1 those 20 years, and through our 
500,000 successful treatments, has 
gone into today’s Dornier lithotripters. 
And this experience makes us 
confident about comparing our H m 
claims of any newcomer to the AVE AD 
field. 
Our pioneer clin- 
ical success is 
unparalleled. Our 
inal HM3 kidney lithotripter to the 
second generation non-water- 
bath HM4, dozens of which are FMOVED 
treating patients right now. 
And just on the horizon 
is the Dornier biliary litho- ITHOUT 
tripter,* which has already 
been used clinically with hundreds 
in the U.S. 
Dornier is dedicated to lithotripsy 
alone. As lithotripsy evolves, it will be 
Dornier that will continue to bring you the 
state-of-the-art first. Because Dornier 
For more information, contact Dornier 
Medical Systems, 824 Livingston Court, cation... 
Marietta, GA 30067. Or 1-800-DORNIER. Cited Ue Stes i 
DORNIER Praag aster hike 


didn't need it. 
Instead, they under- 
went a revolutionary new 
$3 ESWL” technology 
proven Clinical results with the 
goal is to constantly bring new advances 
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Radical Pelvic Surgery with Preservation 


of Sexual Function 





PATRICK C. WALSH, M.D. and PETER N. SCHLEGEL, M.D. 





Recent neuroanatomical findings make it possible to identify the 
pelvic plexus and branches that innervate the corpora cavernosa 
intraoperatively. These anatomical principles have been used to 
modify standard radical prostatectomy and cystoprostatectomy 
to prevent postoperative sexual dysfunction. Radical retropubic 
prostatectomy has been performed on 320 men, who have been 
followed for 1-5 years after surgery; 74% of these men are now 
potent after surgery. Positive surgical margins were present in 
10% of the cases; the actuarial overall local recurrence at 5 years 
(with or without distant metastases) is 10%. These results are 
consistent with past experience and data reported elsewhere in 
the literature. Radical cystoprostatectomy has been performed 
on 25 men over the past 5 years. Pathologic evaluation of all 
specimens demonstrated negative surgical margins, no patient 
has developed local recurrence, and of the patients who had cys- 
tectomy alone, 83% are now potent after surgery. With appli- 
cation of these principles to colorectal surgery, similar favorable 
impact on quality of life with improved surgical accuracy may 
be possible. 


N THE PAST, sexual dysfunction was a common 
complication that occurred after radical pelvic sur- 
gery of all types: radical prostatectomy, radical cys- 
toprostatectomy, and abdominoperineal resection. Yet 
despite the common occurrence of this complication, up 
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until recently it was not clear why impotence occurred or 
how it could be prevented. In 1982, Walsh and Donker 
demonstrated that impotence that often followed radical 
prostatectomy occurred secondary to injury to the 
branches of the pelvic plexus that innervate the corpora 
cavernosa, and they proposed minor modifications in the 
surgical procedure to avoid this complication.’ These 
modifications were based on sound anatomic and patho- 
logic principles.** Over the past 6 years, these modifica- 
tions have been employed extensively during radical 
prostatectomy? and _ cystoprostatectomy.'’'' This 
manuscript outlines the anatomic considerations neces- 
sary for preservation of sexual function, the surgical tech- 
nique and results with radical prostatectomy and cysto- 
prostatectomy, and the potential application of this 
knowledge to rectal resection. 


Anatomical Considerations 


Penile erection is mediated by a coordinated vascular 
and neurologic event that results in increased inflow of 
blood to the corpora cavernosa, dilation of venous sino- 
soids within the penis and decreased venous outflow from 
the corpora cavernosa. The neurologic input is primarily 
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from the parasympathetic component of the autonomic 
nervous system. Emission and ejaculation are mediated 
predominantly by sympathetic nerves that travel from the 
thoracolumbar region of the spinal cord along the sym- 
pathetic ganglia and down the hypogastric nerves to the 
pelvic plexus. 

A detailed understanding of the exact location of the 
pelvic plexus and the important branches that provide 
innervation to the corpora cavernosa has only recently 
been possible.'~*:'''? The pelvic plexus is formed by para- 
sympathetic visceral efferent preganglionic fibers (the pel- 
vic nerve or nervi erigentes) that arise from the sacral 
center (S2 to S4) and sympathetic fibers arising from the 
thoracolumbar region via the hypogastric nerve (Fig. 1). 
The pelvic plexus is located retroperitoneally on the lateral 
wall of the rectum 5-11 cm from the anal verge with its 
midpoint related to the tip of the seminal vesicle. It forms 
a fenestrated rectangular plate situated in the sagittal 
plane. Branches from the pelvic plexus provide innerva- 
tion to the rectum, bladder, prostate, seminal vesicles, 
urethra, and corpora cavernosa. The cavernous branches 
travel a direct route from the pelvic plexus toward the 
posterolateral base of the prostate, gradually coalescing 
from a group of fibers approximately 12 mm wide to a 
more organized bundle approximately 6 mm wide at the 
level of the prostate. At this point, the cavernous nerves 
travel in association with the capsular arteries and veins 


of the prostate in the lateral pelvic fascia outside the pros- 
tatic capsule and outside Denonvilliers’ fascia. They as- 
cend at the level of the apex of the prostate posterolateral 
to the urethra, where they penetrate the urogenital dia- 
phragm. Note that the bulk of the pelvic plexus is located 
lateral and posterior to the seminal vesicles. Thus, the 
seminal vesicles can be used as a landmark intraopera- 
tively to identify the pelvic plexus, which is imbedded in 
thick fascia and perforated by branches of the inferior 
vesical artery and vein that supply the rectum, bladder, 
and prostate. Also, the cavernous nerves can be identified 
intraoperatively as they travel posterolateral to the prostate 
on the anterolateral surface of the rectum by their rather 
constant association with the capsular arteries and veins 
of the prostate. This association of the cavernous nerves 
with the capsular vessels of the prostate, termed the neu- 
rovascular bundle, provides the macroscopic landmark 
that aids in the identification of these microscopic 
nerves.”**!? 


Clinical Material 


During the past 6 years, over 500 men with Stages A 
and B adenocarcinoma of the prostate have undergone 
radical retropubic prostatectomy, and 25 patients have 
undergone radical cystoprostatectomy using the surgical 
technique described above. Clinical staging and pathologic 
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evaluation of the specimens were performed as described 
previously.^!! All pathologic specimens were coated with 
India ink, step-sectioned, and evaluated carefully for ex- 
tent of tumor penetration, the presence of positive surgical 
margins, and extension of tumor to the seminal vesicles 
and pelvic lymph nodes. All patients have been followed 
carefully with at least semi-annual examinations for local 
recurrence and distant metastases. Postoperative sexual 
function was evaluated by interviews with the patient and 
his partner. Potency was defined as the ability to achieve 
an erection sufficient for vaginal penetration and orgasm. 
In previous studies we have determined that sexual func- 
tion returns gradually during the first year after surgery.*'° 
Thus, the minimum follow-up interval to determine 
whether a patient is potent is | year. 


Operative Technique for Radical Retropubic 
Prostatectomy and Cystoprostatectomy 


Based upon the above findings, it is now possible to 
identify the location of the pelvic plexus and cavernous 
nerves intraoperatively and to make an informed decision 
as to whether it is safe to preserve these anatomical struc- 
tures or necessary to excise them widely with the specimen. 
In all surgical procedures for cancer, the major goal is 
excision of all tumor. Preservation of sexual function is 
of secondary consideration. Previously, impotence after 
radical prostatectomy occurred secondary to injury to the 
branches of the corpora cavernosa at one of three steps 
during standard radical prostatectomy: 1) apical dissection 
with transsection of the urethra, 2) separation of the pros- 
tate from the rectum, and 3) division of the lateral pedi- 
cle.'* There is no evidence that the neurovascular bundles 
were completely resected during standard radical pros- 
tatectomies.”””* Instead, they were inadvertently or un- 
knowingly injured during steps that were performed rather 
blindly and bluntly without precise identification and re- 
section of the neurovascular bundles that are intimately 
associated with the rectum posterolaterally. 

In 1979, the anatomy of the dorsal vein complex and 
Santorini’s plexus was clarified, and modifications in the 
surgical procedure were proposed that reduced blood loss 
and improved surgical exposure.'? These changes have 
made it possible to visualize the neurovascular bundles 
intraoperatively. Previously, many surgeons dreaded this 
operation because of the profound blood loss encountered 
when the dorsal vein complex was transected at the apex 
of the prostate. Now, however, once the exact anatomy 
of the dorsal vein is understood, it is possible to ligate and 
accurately control bleeding from this complex. After a 
bloodless field is achieved, the urethra is transsected and 
the prostate is separated from the rectum in the midline. 
At this point, the neurovascular bundles are identified, a 
step that was not performed previously. Here the surgeon 
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determines the proximity of the neurovascular bundles 
to the tumor and decides whether they must be excised 
or can be safely preserved without compromising the can- 
cer operation. If the decision is made to excise the neu- 
rovascular bundle on the side of the tumor, the neuro- 
vascular bundle on the contralateral side can usually be 
preserved. Actually, with wide excision of the neurovas- 
cular bundle it is now possible to obtain wider soft tissue 
margins than were previously attained with standard rad- 
ical prostatectomy. The specific operative steps in this 
surgical procedure have been detailed elsewhere.”*'* 

In patients undergoing radical cystoprostatectomy, the 
usual bilateral pelvic lymph node dissection is performed, 
the ureters are divided, the obliterated umbilical and su- 
perior vesical arteries are transsected, and the plane be- 
tween the bladder and rectum is developed by incising 
the peritoneum at the apex of the rectovesical cul-de-sac. 
Once this has been accomplished, the surgeon may re- 
move the specimen in a retrograde fashion using the steps 
described above for radical retropubic prostatectomy.*'°"' 
Alternately, the dissection can continue from above with 
ligation of the posterior pedicles along the lateral surface 
of the seminal vesicle, thus avoiding injury to the pelvic 
plexus. |! 


Results Following Radical Prostatectomy 
Preservation of Sexual Function 


Follow-up evaluation was made of 320 men who have 
been followed from 1 to 5 years postoperatively. Of these 
320 men, 259 were potent before surgery and had sexual 
partners. After surgery, 74% (192) are currently potent. 
Potency, which is defined as the ability to achieve an erec- 
tion that is sufficient for vaginal penetration and orgasm, 
returns gradually during the first 2 years after surgery.® 
Potency correlated with both the age of the patient and 
the stage of the disease (Table 1). Thus, potency returned 
in 93% of patients with Stage Al disease, 72% of those 
with Stage A2, 92% of those with B1 N, 72% of those 
Stage B1, and 56% of those with Stage B2. The tumor was 
confined within the capsule in virtually all men with Stage 
A 1 disease, so it is reasonable to assume that neurovascular 
bundles can be preserved completely in almost all men 
with this stage of disease. This factor is responsible for the 
excellent return of sexual function among patients with 
Stage Al disease. Conversely, the reduced rate of potency 
in men with Stage B2 disease indicates that attempts at 
resection of more advanced tumors result in greater injury 
to the cavernous nerves. In cases where it was necessary 
to excise one neurovascular bundle (69%), after surgery, 
these men are now potent. Thus, one can conclude that 
potency can be maintained after radical prostatectomy 
even when it is necessary to excise one neurovascular 
bundle widely. The information listed in Table | is useful 
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TABLE 1. Influence of Age and Clinical Stage on Postoperative Potency in 320 Men Followed for at Least 1 Year 
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Age (years) 
Clinical 
Stage 30-39 40-49 50-59 60-69 70-75 Total 
Al — 100% 90% 100% — 93% 
(2 of 2) (9 of 10) (3 of 3) (14 of 15) 
A2 — — 90% 57% 0% 72% 
(9 of 10) (4 of 7) (0 of 1) (13 of 18) 
BIN 100% 80% 97% 92% 0% 92% 
(2 of 2) (4 of 5) (30 of 31) (11 of 12) (0 of 1) (47 of 51) 
a Bl — 79% 82% 65% 20% 72% 
a (11 of 14) (42 of 51) (39 of 60) (1 of 5) (93 of 130) 
B2 — 67% 68% 40% — 56% 
X (2 of 3) (15 of 22) (8 of 20) (25 of 45) 
A Total 100% 79% 85% 64% 14% 74% 
(2 of 2) (19 of 24) (105 of 124) (65 of 102) (1 of 7) (192 of 259) 


for preoperative advising of patients, based on their age 
and the stage of their lesion, as to the likelihood of sexual 
function returning after surgery. 


Cancer Control 


For more than 80 years, radical prostatectomies were 
performed without knowledge of why impotence occurred 
or how it could be prevented. Thus, it is not surprising 
that this innovation in surgical technique might raise the 
question of whether cancer control has been compro- 
mised. At the outset, it should be clear that this is a total 
radical prostatectomy, not a lumpectomy. If the operation 
is performed correctly, it should be either as effective as 
or more effective than previous attempts at removing tu- 
mor that used a less anatomic approach, that relying 
mainly on blind, blunt dissection. As outlined previously, 
the cavernous nerves are located outside the capsule of 
the prostate and Denonvilliers’ fascia.'?:!? This is the first 
principle from which this procedure was devised. Con- 
sequently, if one knew that all tumor was located intra- 
capsularly, it should be possible to preserve sexual function 
in all such patients without injury to these nerves. How- 
ever, despite current attempts at staging prostatic cancer, 
the tumor frequently penetrates through the prostatic 
capsule into adjacent soft tissue. In the past, during stan- 
dard radical perineal prostatectomies, the lateral pelvic 
fascia was reflected off the prostate in an effort to avoid 
injury to the dorsal vein of the penis and to Santorini’s 
plexus.” Thus, the excellent long-term control of disease 
that has been reported after radical perineal prostatectomy 
has been achieved without routine resection of the lateral 
pelvic fascia and neurovascular bundle. Also, the descrip- 
tions of radical retropubic prostatectomy available in 
standard textbooks provide no evidence that the neuro- 
vascular bundles were completely resected during the re- 


tropubic approach. These observations have been con- 
firmed by examining specimens removed by the standard 
radical retropubic approach.’ However, one of the ad- 
vantages of the anatomical approach to radical prostatec- 
tomy is the accurate control of blood loss, which provides 
a clear surgical field. When this technique is used, all 
structures are clearly visualized, and a deliberate decision 
can be made, based on the operative findings, as to 
whether the structures can be preserved or must be re- 
sected more widely with the specimen. In this manner, a 
wider margin of resection can be achieved than was pos- 
sible using blunt dissection.® 

Ever since this new surgical approach was developed, 
the pathologists at The Johns Hopkins Hospital have 
carefully examined all step-sectioned radical prostatec- 
tomy specimens. Early in our experience, they compared 
prostatic specimens removed by the standard radical per- 
ineal technique, the standard radical retropubic technique, 
and the nerve-sparing modification to determine the 
amount of periprostatic tissue and skeletal muscle that 
was removed.” These findings confirmed the anatomical 
observations mentioned above and suggested that less 
periprostatic tissue and skeletal muscle was removed with 
the radical perineal approach than with either retropubic 
approach, but that none of the techniques appeared to 
compromise the adequacy of the removal of limited cancer 
of the prostate. We subsequently evaluated pathologic 
specimens from the first 100 consecutive patients who 
underwent nerve-sparing radical retropubic prostatec- 
tomy.” Although 41% of the patients had established cap- 
sular penetration, only seven had positive surgical mar- 
gins. All seven of these patients had extensive extrapros- 
tatic involvement by tumor, and five had involvement of 
the seminal vesicles and poor prognostic findings. In none 
of these cases were the surgical margins positive only at 
the site of the nerve-sparing modification. On the basis 
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TABLE 2. Pathologic Findings in 414 Consecutive Radical Prostatectomies 
Pathologic Findings 

Seminal Positive Positive 

Organ Capsular Vesicle Surgical Lymph 

Clinical Number of Confined Penetration Involvement Margin Nodes 
Stage Patients (%) (%) (%) (%) (%) 
Al 16 94% 6% 0% 0% 0% 
A2 40 83% 17% 15% 15% 10% 
BIN 78 82% 18% 3% 3% 0% 
Bl 196 65% 35% 10% 9% 3% 
B2 84 29% 71% 31% 19% 23% 
Total 414 64% 36% 13% 10% 7% 


of these findings, there was no indication that the nerve- 
sparing modification compromised the adequacy of the 
removal of cancer, which was determined primarily by 
the extent of the tumor rather than the operative tech- 
nique. Recently we reviewed the pathologic findings in 
414 consecutive radical prostatectomies performed for 
clinical Stage A and B carcinoma’ (Table 2). Ten per cent 
of the patients had positive surgical margins. The fre- 
quency of positive surgical margins was always the same 
or less than the percentage of patients with positive sem- 
inal vesicles, and was very similar to the percentage of 
patients with positive lymph nodes. These data appear to 
confirm our initial impression that patients with positive 
surgical margins have extensive disease and are in a very 
high risk group for the subsequent development of distant 
metastases. It is likely that no surgical procedure will 
eliminate all tumor in this small, unfavorable subset of 
patients. Two recent studies from other institutions have 
confirmed these findings. '* 6 

The true efficacy of this procedure will be established 
only when long-term follow-up evaluations have been 
performed to determine whether the control of local dis- 
ease and distant metastases is similar to that achieved 
with standard radical prostatectomy. Because adjunctive 
therapy does not influence long-term tumor-free survival, 
we have avoided the use of adjuvant radiotherapy or hor- 
monal therapy, and we will be able to evaluate the true 
impact of radical prostatectomy alone on the control of 
prostatic cancer. Because the clinical course of prostatic 
cancer patients can be protracted and because 15-year 
tumor-free survival must be demonstrated before one can 
categorically conclude that a patient is cured, it will take 
many years to make a final judgment. However, an earlier, 
more sensitive predictor of cancer control is the rate of 
local recurrence. Schellhamer has reported a 10% rate of 
local recurrence for patients with clinical Stage A and B 
disease during the first 5 years, and with a longer follow- 
up of up to 15 years, the total failure rate increased to 
only 15%; 75% of the local failures were seen during the 


first 5 years, with the other 25% presenting in the subse- 
quent 5 years.” We have recently evaluated the actuarial 
5-year local failure rate of the 320 patients of this series 
who have been followed from 1 to 6 years. The actuarial 
overall local recurrence (with or without distant metas- 
tases) at 5 years is 10%'* (Fig. 2). Of the ten patients who 
developed local recurrence, one patient had tumor patho- 
logically confined to the prostate, seven patients had tu- 
mors that had established penetration through the pros- 
tatic capsule into soft tissue with or without positive sur- 
gical margins, one patient had microscopic involvement 
of the seminal vesicles, and one patient had positive lymph 
nodes. Four of these ten patients also had distant metas- 
tases. In five of the ten cases, the neurovascular bundle 
was partially or completely excised on the side of the lesion 
in an attempt to obtain a wider surgical margin. Based 
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upon our experience prior to the development of the 
nerve-sparing technique, approximately 10% of the pa- 
tients treated at this institution develop local recurrence 
as the first sign of failure during the first 5 years after 
surgery. Consequently, the results of using this new tech- 
nique are thus far consistent with our past experience and 
the experience reported in the literature. However, longer 
follow-up of this group of patients will be necessary to 
confirm these findings. 





Results of Radical Cystoprostatectomy 
for Bladder Cancer 


Over the past 5 years, 25 men who were potent before 
surgery have undergone radical cystoprostatectomy for 
the treatment of invasive transitional cell carcinoma of 
the bladder.'' Pathologic evaluation of all specimens 
demonstrated negative surgical margins, and no patient 
has developed local recurrence of tumor. Of the patients 
who had cystectomy alone, 83% are potent. Of patients 
who also underwent urethrectomy, after surgery, all are 
now able to achieve erections, and 40% achieve erections 
that are sufficient for intercourse. The potent patients in 
this group had the urethrectomy performed 4-15 months 
after the cystectomy. 


Discussion 


Based upon new neuroanatomical observations, in the 
vast majority of patients, it is now possible to perform 
radical prostatectomy and cystoprostatectomy with pres- 
ervation of sexual function without apparent compromise 
to the cancer operation. 

Sexual dysfunction after major operations on the rec- 
tum is also a severe and rather common complication. 
During excision of the rectum for cancer or, more rarely, 
inflammatory disease, injury to the pelvic plexus and cav- 
ernous nerves can induce erectile impotence, ejaculatory 
dysfunction, or bladder dysfunction. In a review of the 
literature, erectile dysfunction occurred in 45.7% of 641 
men undergoing either abdominoperineal resection of the 
rectum for cancer, sphincter-saving resection of the rec- 
tum, or synchronous combined excision of the rectum 
for cancer!?~*’ (Table 3). In men who underwent low an- 
terior resection for cancer, erectile impotence occurred in 
15.1%. Ejaculatory dysfunction occurred in 35% and 44% 
of these two groups, respectively. It is well-recognized that 
sexual dysfunction after rectal resection for inflammatory 
bowel disease is less common. This is illustrated in a recent 
review of the literature in which it was reported that erec- 
tile dysfunction occurred in only 4.7% of 1300 men who 
underwent rectal excision for inflammatory disease, and 
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ejaculatory dysfunction occurred in 6.2%?>?7429-31,38-52 
(Table 4). 

Based upon the anatomical studies outlined in this 
manuscript and the experience with radical prostatectomy 
and cystoprostatectomy, it is now possible to perform 
successful cancer operations on the prostate and bladder 
with preservation of sexual function in the majority of 
patients. As in radical prostatectomy, it may not be nec- 
essary in all cases to excise the autonomic innervation to 
the corpora cavernosa during rectal resection for cancer. 
Postoperative potency after rectal resection does not nec- 
essarily correlate with the amount of nerve tissue excised 
with the specimen.°° Since the nerves necessary for sexual 
function are not usually excised, but may be injured dur- 
ing rectal resection, awareness of the relationship of the 
pelvic plexus and cavernous nerves may allow excision 
of the rectum with preservation of sexual function. Greater 
awareness of the structures adjacent to the rectum may 
also allow for improved margins of resection when it is 
not possible to spare these neurovascular structures be- 
cause of tumor invasion, as has been our experience with 
radical prostatectomy. 

There are several anatomical regions where injury to 
the nerves important for sexual function may occur during 
rectal surgery. Injury to the hypogastric nerves in the ret- 
roperitoneal space along the peritoneal reflection of the 
sigmoid mesentery may result in ejaculatory dysfunction. 
Excessive traction on the rectum with anterior displace- 
ment of the rectum secondary to mobilization posterior 
to the rectum may result in neurapraxia or avulsion of 
sacral roots 2, 3, and 4. Depending on the severity of 
injury, this could result in temporary or permanent blad- 
der and/or erectile dysfunction. These injuries may be 
prevented by recognizing this possibility and avoiding ex- 
cessive traction. 

Direct injury to the pelvic plexus may occur during 
ligation of the rectal stalks containing the middle hem- 
orrhoidal vessels. These vessels usually enter the rectum 
near the pelvic plexus, which, as we have shown, forms 
a fenestrated plate lateral to the wall of the rectum in the 
sagittal plane. Depending on the location of the tumor, 
it may be possible to merely divide the lateral ligaments 
on the edge of the mesorectum, as Heald recently ad- 
vised,°* without injury to the pelvic plexus. As described 
earlier in this manuscript, the location of the pelvic plexus 
may be identified intraoperatively by its relationship to 
the tips of the seminal vesicles. If there appears to be tumor 
invasion into the region of the pelvic plexus unilaterally, 
then wide excision of the lateral pelvic fascia (posterior 
pedicles of the bladder and prostate), including the pelvic 
plexus and branches of the inferior vesical pedicle, may 
be intentionally performed. Experience with radical pros- 
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(30%) 


(49%) 
(60%) 


(0%) 
(33%) 


(29%) 
(18%) 


(45%) 
(25%) 


(65%) 


(0%) 
(25%) 
(33%) 


(51%) 
(51%) 


(0%) 
(50%) 


(15%) 


(14%) 
(17%) 


(52%) 


93 of 122 (76%) 


6 of 93 


20 of 45 
27 of 36 
12 of 14 


est. 95% 


255 of 572 (44.6%) 
13 of 86 (15.1%) 


(6%) 

(44%) 
(75%) 
(86%) 


Ejaculatory 
Dysfunction 
(No. of Patients) 


6 of 9 
1 of 4 
7 of 12 


8 of 10 


12 of 37 
11 of 12 


30 of 93 
6 of 17 


14 of 22 
7 of 20 


12 of 17 


3 of 6 


25 of 45 
27 of 39 


2 of 5 
5 of 20 


2 of 7 
2 of 6 


9 of 93 


(67%) 
(25%) 
(58%) 


(80%) 


(32%) 
(92%) 


(32%) 
(35%) 


(64%) 
(35%) 


(71%) 


(50%) 


(56%) 
(69%) 


(40%) 
(25%) 


(29%) 
(33%) 


(10%) 


93 of 291 (32%) 


21 of 50 


(42%) 


TABLE 3. Sexual Dysfunction after Rectal Resection for Cancer 


Unspecified Sexual 
Dysfunction 
(No. of Patients) 


. 


13 of 18 (72%) 
12 of 20 (60%) 


12 of 12 (100%) 
2 of 10 (20%) 





Comments 


All patients < 60 years old 


APR vs. LAR not specified 
LAR < 10 cm from dentate 
line 


All patients < 65 years old 


6 of 13 part impot or weak ejac 
5 of 12 part impot or poor ejac 
10 of 27 “reduced potency” 

all 3 “reduced potency” 


4 of 10 partial impotence 

mostly LAR, | difficulty 
maintaining an erection 

3 difficulty maintaining 
erection 


indications for surgery not 
specified 


erectile, ejaculatory or 
orgasmic dysfunction 
included 

Combined APR, LAR series, 
homosexuals excluded. 


Compiled data from 10 clinics 
with different results (53- 
100%) 


Only patients < 60 years old 
included 





* Includes 3 studies which combine APR and LAR results. 


** Also includes HAR and very low anterior resection (<5 cm). 


LAR = low anterior resection. 
HAR = high anterior resection. 


tatectomy has shown that it is possible to preserve erectile 


function, and therefore possibly bladder function, despite 


wide unilateral resection of these nerves. 


SSR 


APR = abdominoperineal resection. 
sphincter-saving resection of rectum (usually synchronous 
combined excision of rectum), 

SCE = synchronous combined excision of rectum. 


Injury to the cavernous nerves during perineal dissec- 


tion of the rectum may result in erectile dysfunction, as 


well. After division of the rectourethralis muscle in the 
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TABLE 4. Sexual Dysfunction after Rectal Resection for Inflammatory Bowel Disease 














Ejaculatory 
Impotence Dysfunction 
Source Procedure (No. of Patients) (No. of Patients) Comments 
Berry**® Proctec 0 of 64 Mean age of 41 years 
Bauer” Proctec 1 of 388 (0.3%) 4 of 388 (1%) See also Bauer, 1983“! 
Leicester“ Proctec 2 of 23 (8%) 3 of 23 (12%) 
Neal?? Proctec 0 of 33 (0%) 
Bauer*! Proctec 2 of 135 (1%) 4 of 135 (3%) (Different patients) 
Balslev? Proctec lof7 (14%) 
Williams”? Proctec Oof3 (0%) 
Yeager” Proctec lof 25 (4%) 
Fazio®! Proctec Oof9 (0%) 
Corman” Proctec 0 of 76 (0%) 
Burnham“? Proctec 30 of 128 (23%) 14/88 < 45 years old 
16/30 > 45 years old complete 
and partial erectile impotence 
Gruner“ Proctec/IRA 0 of 23 (0%) 15 of 82 (18%) ileorectal anastomosis 
Proctec/ileo 11 of 82 (13%) “disturbed” erection or ejac 
Davis“ APR Oof8 (0%) age 12-50 years old 
May“ Proctec 5 of 46 (11%) 8 of 46 (17%) 
Watts*’ Proctec 7 of 41 (17%) 9 of 41 (22%) 6 of 8 impotent > 50 years 
VanProhaska*® Proctec 0 of 79 (0%) 
Donovan’? Proctec 0 of 20 (0%) 
Bacon” Proctec 1 of 39 (3%) 
Stahlgren®! APR 0 of 25 (0%) 5 of 25 (20%) Unspecified “partial impairment” 
of sexual function 
Turnbull’? APR 1 of 53 (2%) 2 of 53 (4%) 
Totals Rectal excision 61 of 130 (4.7%) 50 of 800 (6.2%) 





Protec = proctectomy. 
IRA = ileorectal anastomosis. 


midline anterior to the rectum, the neurovascular bundles 
may be seen in association with the lateral prostatic fascia 
coursing from the urethra along the posterolateral surface 
of the prostate. These neurovascular bundles are antero- 
lateral to the rectum. Excessive use of cauterization or 
blind blunt dissection in this region may result in injury 
to these nerves. 

It is important to remember that during any pelvic op- 
eration, ligation of the anterior division or distal branches 
of the internal iliac artery may result in vasculogenic im- 
potence, especially if bilateral ligation of the internal pu- 
dendal vessels occurs. 


Conclusion 


There is an aphorism that states, “You only see what | 


you look for and you only look for what you know.” This 
saying applies to the pelvic plexus and cavernous nerves, 
which in the past were concealed by the dense pelvic fascia 
and intertwining branches of the inferior vesical vessels. 


Ileo = ileostomy. 
APR = abdominoperineal resection. 


However, with the identification of macroscopic land- 
marks it is now possible to identify these structures intra- 
operatively and to make an informed decision as to 
whether or not these structures need to be sacrificed or 
whether they can be safely preserved during the dissection. 
Based on our present experience with men undergoing 
radical retropubic prostatectomy and radical cystopros- 
tatectomy, this knowledge has enabled sexual function to 
be preserved in a majority of patients, and at the same 
time, has enabled the surgeon to provide wider margins 
of excision where necessary. With wider application of 
these principles to colorectal surgery, similar favorable 
impact on quality of life and improved surgical exposure 
may be possible. 
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DISCUSSION 


Dr. RUBEN F. GITTES (La Jolla, California): It is a privilege, indeed, 
for me to stand here and congratulate Dr. Patrick Walsh on what has 
to be a very singular combination of original personal research and sub- 
sequent technical contributions in the field of pelvic surgery. 

It is certainly marvelous to have seen within a 10-year period the 
= elucidation of the anatomy and physiology of penile erection. The anat- 
-omy of that area has been dissected; the physiology has been unscrambled. 
We have all known for years that dissection around the rectum might 
or might not impair potency, depending on how wide the dissection is. 
What happened? How much research was actually carried out to find 
the relation between that pararectal tissue and the penile function of 
erection? 

In some cases, after radical prostate surgery, the patients claimed to 
be potent. Other urologists wrote that off as wishful thinking or inadequate 
cancer surgery. Actually, these cases were exceptions to the rule and were 
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of the urinary bladder following major pelvic surgery. Brit J Surg 
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noted by Dr. Patrick Walsh. He turned to intensive studies in the anatomic 
laboratory with Professor Pieter Donker. They did something that could 
have been done a hundred years ago but wasn’t. Now we are the bene- 
ficiaries of it today. It is remarkable and a very useful step forward for 
us urologists and pelvic surgeons. 

I would like to point out that this anatomic knowledge dovetails with 
our new knowledge of the physiologic mechanisms of erection, which 
have been elucidated in other laboratories. Today, even if the pelvic 
nerves are cut, we can promise the patient a very good chance of achieving 
erections. 

You have heard of the use of papaverine self-injections. These are no 
humbug. A patient who is terribly worried about radical surgery and his 
future potency can now be reassured—first, that he may have surgery 
that will spare his nerves, if possible, and second, that if the worst happens, 
he has recourse to self-injections that restore erectile potency. 

I believe that it is nothing short of amazing that we have had this 
progress. I am here to congratulate Dr. Walsh and to point out to this 
audience what a great achievement this has been. 
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Recurrent Femoral Anastomotic Aneurysms 


A 30-Year Experience 





CALVIN B. ERNST, M.D., JOSEPH P. ELLIOTT, JR., M.D., C.J. RYAN, M.D., GUS ABU-HAMAD, M.D., 
BARBARA C. TILLEY, PH.D., RICHARD K. MURPHY, M.D., ROGER F. SMITH, M.D., DANIEL J. REDDY, M.D., 


Of the 1771 patients who underwent aortofemoral bypass grafting 
(AFB) during the 30-year period of 1957-1986, 43 noninfected 
recurrent femoral anastomotic aneurysms (RFAA) developed in 
28 patients. Thirty-six RFAAs were treated surgically, with one 
death and no amputations occurring. Seven small RFAAs (<2.0 
cm) were treated expectantly without complications. Using uni- 
variate and multivariate analyses, clinical characteristics and 
other factors influencing results in patients with RFAAs were 
compared to two control groups: patients who had undergone 
AFB without the development of femoral anastomotic aneurysms 
(FAAs) and patients who had undergone FAA repairs but without 
recurrence of FAA. Comparative analyses suggested: 1) local 
wound complications after initial AFB or FAA repair increased 
risk of a RFAA (p < 0.03); 2) development of an FAA within 
4.5 years after AFB increased risk of a RFAA (p < 0.0002); 3) 
following an FAA repair, risk of a RFAA was almost three times 
greater for women than for men (p < 0.05); and 4) patients with 
arteriosclerotic heart disease (ASHD) were less likely to develop 
RFAA than those without ASHD (p < 0.05). Among the 20 
additional variables analyzed— including hypertension, smoking, 
diabetes mellitus, and etiology of primary vascular disease—no 
statistically significant influence on the development of RFAAs 
could be detected. 


oral bypass (AFB) reconstruction is the procedure 

of choice for the management of aortoiliac occlu- 
sive disease. AFB reconstruction is also frequently nec- 
essary when managing aortoiliac aneurysmal disease. 
Preference for prosthetic AFB has evolved through pi- 
oneering efforts during a time when allografts were aban- 
doned and reconstructive techniques using prosthetic 
materials were standardized.’ Yet despite these attempts 


P ROVEN DURABLE and widely accepted, aortofem- 
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to perfect AFB reconstruction, the ideal operation is yet 
to be described. Although rare, late complications con- 
tinue to threaten the durability of AFB. Some compli- 
cations, such as graft infection, are particularly disturbing 
and jeopardize both life and limb. Others, such as femoral 
anastomotic aneurysms (FAA), which develop in approx- 
imately 3% of all anastomoses, or 6% of patients, provide 
complex reoperative technical challenges in maintaining 
graft patency and limb viability.: Although over 80% of 
FAA repairs prove successful and durable, a particularly 
challenging and infrequently reported late complication 
of AFB reconstruction is development of a recurrent fem- 
oral anastomotic aneurysm (RFAA).° Also, although pre- 
vention of FAA precludes RFAA development in the first 
place, an irreducible minimal number of FAAs that are 
beyond the surgeon’s control will occur. In order to min- 
imize RFAA development by identifying influencing fac- 
tors and those patients at greatest risk, as well as to gain 
insight into the pathogenesis, natural history, and results 
of treatment, a retrospective analysis of 43 RFAAs that 
developed in 28 patients treated at the Henry Ford Hos- 
pital during the 30-year period of 1957-1986 was under- 
taken and is the subject of this report. 


Clinical Material 


Since 1954, data from patients undergoing arterial re- 
constructive procedures at the Henry Ford Hospital have 
been entered into a computerized vascular registry. Such 
data have been regularly updated through periodic patient 
recall evaluation by following an established clinical ex- 
amination and arteriographic protocol that has been de- 
tailed elsewhere.’* From over 13,000 vascular operations 
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performed from January 1957 through December 1986, 
1771 AFB prosthetic reconstructions for both aneurysmal 
and occlusive disease were identified and provided the 
data base for analysis. Of these 1771 patients who under- 
went AFB grafting, 195 noninfected FAAs developed, ne- 
cessitating reoperation. Although of the 195 FAA repairs, 
152 proved effective and durable to most recent follow- 
up, 43 RFAAs were identified in 28 patients. These 28 
patients who had undergone AFB reconstruction and who 
developed FAAs that recurred after repair comprised the 
study group, RRR (reconstruction-repair-recurrence). 
Definition of a femoral anastomotic aneurysm has not 
changed since the 1975 report.” It is a type of pseudo- 
aneurysm resulting from extravasation of blood caused 
by an anastomotic defect. This description also defines 
RFAAs. Infected aneurysms were excluded. 

Two control groups of 28 patients each were selected; 
one, from those who underwent AFB reconstruction and 
never developed an FAA, and the other, from patients 
who developed FAAs that were successfully repaired and 
did not recur. These two groups were designated R (re- 
construction) and RR (reconstruction-repair), respec- 
tively. Patients who were entered into groups R and RR 
were randomly selected, without the matching of any 
variable. This allowed assessment of the relationships of 
all study variables to development of RFAAs. The 23 
variables analyzed included sex, age, race, and associated 
conditions such as diabetes mellitus, arterial hypertension, 
arteriosclerotic heart disease, cerebral vascular disease, 
peripheral vascular occlusive disease, tobacco use, chronic 
obstructive pulmonary disease, cancer, and collagen dis- 
ease. Additional variables included year of initial AFB 
reconstruction, number and type of femoral anastomoses, 
performance of adjunctive femoral endarterectomy, orig- 
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inal arterial pathology, postoperative systemic compli- 
cations, postoperative wound complications, type of su- 
ture material, graft size and type, and time between initial 
reconstruction and recognition of the FAA or RFAA. 

During a follow-up extending up to 243 months, the 
median follow-up until death, last contact, or recurrence 
was 62 months for Group R, 112 months for Group RR, 
and 87 months for Group RRR (Fig. 1). For only one 
patient were data from regular clinic visits within 6 months 
of December 1986 incomplete. This individual was en- 
tered into the analysis according to clinical status when 
last examined. 

Over the years, characteristics of clinical material and 
reconstructive techniques were standardized and re- 
mained remarkably homogeneous. Woven helinca Da- 
cron prosthetic grafts have been routinely used, and since 
1958, only synthetic suture material has been used. 


Methods of Statistical Analysis 


In order to identify risk factors associated with devel- 
opment of a RFAA, clinical characteristics of Group RRR 
(N = 28) at the time of original AFB reconstruction were 
contrasted with characteristics of Groups R (n = 28) and 
RR (N = 28) at the time of original AFB. In addition, 
Groups RR and RRR were similarly analyzed relative to 
repair of the first FAA. 

For all statistical analyses of Group RRR, the initial 
recurrence and its repair were used. For statistical analyses 
of Group RR, the initial repair was used. Thus, each pa- 
tient was entered into an analysis only once, fulfilling the 
independence assumptions required for the statistical tests 
employed. 

Univariate analysis by the log rank test was used for 
taking into account the length of follow-up when assessing 
the association of each variable individually with the ab- 
sence or presence of recurrence. Independent variables, 
if continuous (such as the year of operation), were cate- 
gorized by using a cut-point, generally the median value. 
1970 was cut-point for the year of AFB, and 4.5 years was 
the cut-point for time from AFB to FAA repair. A p value 
of less than 0.05 was considered statistically significant. 

Multivariate analysis by stepwise Cox regression was 
used to assess the interrelationship among variables, again 
taking length of follow-up into account. In the Cox 
regression analysis, continuous variables, such as the year 
of operation, were used without categorization. A p value 
of less than 0.05 was considered statistically significant 
when making the decision to include a variable. 


Findings 
Clinical Characteristics and Treatment Results of Group 
RRR 


There were 21 men and seven women ranging in age 
from 45 to 81 years, with a mean age of 63.9 + 8.7 years, 
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Original Interval from AFB FAA Interval from FAA Repair RFAA Follow-up Status After 
Patient Age/Sex Disease to FAA (months) Treatment to RFAA (months) Treatment RFAA Dx or Rx 
l 45 F OD Right 3 Primary Repair 3 R/G (E-S SF) Died of Pneumonia at 66 
mos. 
2 68 M OD Left 184 R/G (E-E CF) 20 R/G (E-E CF) Alive at 92 months 
3 61M OD Left 6 R/G (E-S SF) 36 R/G (E-S SF) Died of MI in Recovery Rm 
4 68 M OD Right 123 R/G (E-E CF) 93 R/G (E-E CF) Alive at 47 months 
5 66 M OD Right 1 R/G (E-E SF) Z R/G (E-E SF) Died of unknown cause at 
171 mos. 
6 | 68M OD Right 26 Primary Repair 13 R/G (E-E PF) Died of stroke 34 mos. 
7 71M An Left 28 R/G (E-E CF) 47 R/G (E-E PF) Died of MI at 50 mos. 
8 78M OD Right 19 R/G (E-S CF) 4 R/G (E-E CF) Died of MI at 69 mos. 
9 54M OD Right 101 R/G (E-E CF) ay R/G (E-E PF) _ Alive at 13 mos. 
10 55 F OD Left 32 R/G (E-E CF) 62 R/G (E-S CF) Alive at 11 mos. 
11 69M AOD Left Li R/G (E-S CF) 69 R/G (E-E PF) Alive at 8 mos. 
12 59M AOD Left 37 R/G (E-E CF) 16 R/G (E-E CF) Alive at 4 mos. 
13 78M AOD Left 57 R/G (E-E CF) 33 R/G (E-E CF) Died of MI at 52 mos. 
RFAA Recurred-Repaired 
x1 
14 56M An Right 28 R/G (E-S SF) 23 R/G (E-E SF) Died of unknown cause at 
Left 28 R/G (E-S SF) 23 R/G (E-S SF) 24 mos. 
15 61M An Right 16 R/G (E-E CF) 78 R/G (E-S PF) Alive at 74 mos, 
Left 16` R/G (E-E CF) 80 R/G (E-E CF) 
16 81M An Right 104 R/G (E-S CF) 62 R/G (E-S CF) Died of unknown cause at 
Left 75 Primary Repair 69 R/G (E-S CF) 33 mos. 
17 58 M OD Right 70 R/G (E-E CF) 57 R/G (E-E CF) Alive at 49 mos. 
Left 70 R/G (E-E CF) 56 R/G (E-E CF) 
18 60 M OD Right 24 R/G (E-E CF) 78 R/G (E-E CF) Alive at 68 mas. 
Left 39 R/G (E-E CF) 37 R/G (E-E DF) 
19 70M AOD Right 7 R/G (E-S CF) 26 R/G (E-S SF) Alive at 41 mos. 
Left 7 R/G (E-S CF) 6 R/G (E-S CF) 
20 60 F OD Right 43 R/G (E-E DF) 31 Primary Repair Alive at 162 mos. 
Left 90 R/G (E-S CF) 36 R/G (E-E CF) Right RFAA Recurred 
Repaired x 1 
21 46 F OD Right 45 R/G (E-S CF) 5 R/G (E-E CF) Alive at 103 mos. 
Left 44 R/G (E-S CF) 32 R/G (E-E DF) Bilateral RFAA Recurred 
Each Repaired x 2 
22 54 F OD Right 30 R/G (E-S CF) 24 R/G (E-E DF) Died of MI at 21 mos. 
Left 43 R/G (E-S CF) 64 OBS 
23 57M OD Left 127 R/G (E-S CF) 46 OBS Died of CHF at 12 mos. 
24 62 M OD Right 2 R/G (E-E CF) 5 OBS Died of MI at 3 mos. 
25 59M OD Right 3 R/G (E-S CF) 18 OBS Died of MI at 1 mo. 
26 73M AOD Left 22 R/G (E-E DF) 17 OBS Died of stroke at 12 mos. 
27 64 F OD Right 83 R/G (E-S CF) 51 OBS Alive at 73 mos. 
28 80 F OD Right 13 R/G (E-E CF) 69 OBS Alive at 34 mas. 


An = Aneurysm. 


RECURRENT ANASTOMIC ANEURYSMS 


TABLE 1. 43 Recurrent Femoral Anastomotic Aneurysms in 28 Patients 


AOD = Aneurysmal-Occlusive Disease. 
CF = Common Femorai. 


E-S = End-to-side. 


MI = Myocardial Infarct. 


OBS = Observation. 
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CHF = Congestive Heart Failure. 
DF = Deep Femoral. 
E-E = End-to-end. 


at the time of the first recognized RFAA. Arterial hyper- 
tension affected 19 of these patients (68%); 22 patients 
(79%) were smokers; 19 (68%) had symptomatic periph- 
eral arterial occlusive disease manifest by intermittent 
claudication or ischemic rest pain, and six (21%) had di- 
abetes mellitus. Of note, only nine patients (32%) had 
clinically significant arteriosclerotic heart disease (ASHD) 
manifest by angina, myocardial infarction, ischemic EKG 
changes, or history of congestive heart failure. The disease 
requiring the original AFB was aortoiliac aneurysm in 
four patients (14%), mixed aortoiliac aneurysmal and oc- 


OD = Occlusive Disease. 
R/G = Resection and Grafting. 
SF = Superficial Femoral. 


clusive disease in five (18%), and aortoiliac occlusive dis- 
ease in nineteen (68%) (Table 1). 

The interval from the time of repair of the FAA to the 
first RFAA (and which included 37 RFAAs), ranged from 
2 to 93 months with a median of 33 months. Of the 43 
RFAAs in 28 patients, unilateral recurrences developed 
in 19 patients; bilateral recurrences were identified in nine. 
Of the 37 involved femoral arteries, one recurrence de- 
veloped in 33, two recurrences developed in another two, 
and two developed three recurrences each, totaling 43 
RFAAs. 
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METHOD OF R.F.A.A. REPAIR 





Fic. 2. Methods and frequencies of 36 recurrent femoral anastomotic 
aneurysm repairs including re-repairs. Interposition grafting from the 
old prosthesis to the common femoral artery was the most commonly 
used technique. Primary suture repair was used once. (C.F.A. = common 
femoral artery; D.F.A. = deep femoral artery; S.F.A. = superficial femoral 
artery). 


Of patients with bilateral or recurrent RFAAs, some 
had different presenting signs and symptoms for each 
~ aneurysm; consequently, the total number of predominant 
signs and symptoms was greater than the number of pa- 
tients. Twenty-two patients presented with an asymp- 
tomatic pulsatile groin mass. In ten, only a vague, non- 
discreet groin expansion was noted. Three individuals 
presented with rupture and another three had ischemic 
rest pain in the involved leg. In six asymptomatic patients, 
RFAAs were identified during routine follow-up arteri- 
ography. All patients underwent conventional contrast 
aortography, including the aortic anastomotic site and 
groin outflow vessels. No aortic anastomotic aneurysms 
were identified by contrast aortography. 

Of the 43 RFAAs, when initially identified, ten mea- 
sured less than 2.0 cm in diameter on arteriographic eval- 
uation and were observed. Three of these aneurysms sub- 
sequently enlarged and were repaired. Therefore, 36 
RFAAs in 22 patients underwent repair. Seven RFAAs 
in seven patients have been observed, since they initially 


TABLE 2. Type of Interposition Repair and Outfiow Artery Used 
RFAA 


FAA Primary Secondary Tertiary 


End-to-end common femoral 16 11 2 l 
End-to-side common femoral 13 4 

End-to-end deep femoral 2 7 l 1 
End-to-side deep femoral 0 ] l 
End-to-end superficial femoral f 2 

End-to-side superficial femoral 3 4 

Resuture of common femoral 3 1 


FAA = Femoral anastomotic aneurysm. 
RFAA = Recurrent femoral anastomotic aneurysm. 
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measured 2.0 cm or less in diameter. In one patient (Pa- 
tient 22) with bilateral RFAAs,; one RFAA was repaired 
and the other was observed (Table 1). No complications 
attributable to the aneurysms have been recognized among 
those being observed. 

Segmental prosthetic graft interposition from the old 
prosthesis to the best available femoral vessel was used in 
all but one of the 36 RFAA repairs (Fig. 2). All interpo- 
sition grafts were Dacron except for two that were ex- 
panded polytetrafluoroethylene. The distal anastomosis 
was to the common femoral artery immediately proximal 
or adjacent to the deep femoral branch in 18 repairs (end- 
to-side in four, end-to-end in 14), end-to-end to the deep 
femoral in nine, end-to-side to the deep femoral in two, 
end-to-end to the superficial femoral in two, and end-to- 
side to the superficial femoral in four (Table 2). Only one 
RFAA was managed by aneurysm resection and primary 
reanastomosis. This aneurysm subsequently recurred and 
re-repair required interposition grafting to the common 
femoral artery. One tertiary and two secondary repairs 
were made to the common femoral arteries and one ter- 
tiary and two secondary repairs were to the deep femoral 
arteries, as well (Table 2). 

In three quarters of the original FAA repairs, interpo- 
sition prosthetic grafts to the common femoral artery were 
used (Tables 1 and 2), The deep and superficial arteries 
were used as outflow tracts two and four times, respec- 
tively. Three FAAs were initially repaired only by resu- 
turing the anastomosis (Table 2). 

Although technical details varied among surgeons, cer- 
tain common and standardized techniques were regularly 
employed. These included: attempt at dissection and con- 
trol of the graft limb proximal to the aneurysm before 
dissecting the aneurysm; minimal dissection of the aneu- 
rysm but complete mobilization of outflow vessels selected 
for anastomosis; balloon obturator occlusion of both in- 
flow and outflow vessels, when necessary, through the 
opened aneurysm; use of nonabsorbable synthetic suture 
material; systemic anticoagulation with heparin sodium 
during vessel occlusion; and anastomosis to arterial tissue 
as healthy as possible, thus avoiding anastomosis to scar 
or pseudoaneurysm wall. Innovative techniques were of- 
ten required, depending on the extent of disease encoun- 
tered. Extending operative time and complexity by per- 
forming adjunctive reconstructive procedures, such as 
femoral popliteal bypass, however, was not required. De- 
spite dense perivascular scarring, particularly in patients 
undergoing re-repairs, balloon obturator occlusion was 
not commonly required. Prophylactic antibiotics were 
routinely administered. 

One patient (Patient 3), operated on emergently for 
aneurysm rupture, died in the recovery room from a 
myocardial infarction, resulting in a procedure mortality 
rate of 2.8% and a patient mortality rate of 4.5% (Table 
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1). No patient required amputation as a result of the 
RFAA or its repair. At the time of the last examination, 
none of the repaired RFAAs recurred—including those 
repaired for the second and third times. All repairs re- 
mained patent, documented by a palpable pulsatile graft. 

Of the 21 survivors of RFAA repairs, including the in- 
dividual with bilateral RFAAs who underwent repair of 
only one, nine (43%) died during follow-up, at an average 
of 58 months after operation. Twelve (57%) survived, 
having pulsatile grafts, at an average of 56 months after 
operation. 

Of the seven patients whose RFAAs were being followed 
expectantly, five patients died; four died of complications 
of ASHD, and one died of a stroke (Table 1). The average 
interval from recognition of the RFAA to death was 5.8 
months. None of these small RFAAs became symptom- 
atic. One of these patients who had bilateral RFAAs un- 
derwent uneventful repair of one RFAA, yet died from a 
myocardial infarction before the other could be repaired. 
Two patients who did not undergo RFAA repairs have 
survived 34 and 73 months after their RFAAs were dis- 
covered. Both RFAAs measured 2.0 cm or less in diameter 
and have remained stable and asymptomatic. 


Comparative Analyses of Group RRR and Randomly 
Selected Control Groups R and RR 


Log rank testing and Cox regression analysis were used 
to compare groups R, RR, and RRR. Four analyses were 
performed using various group combinations: 1) Groups 
R, RR, and RRR, starting at the original AFB, 2) Groups 
R and RRR, starting at the original AFB, 3) Groups RR 
and RRR, starting at the original AFB, and 4) Groups 
RR and RRR, starting at the first FAA repair. Events of 
interest were repair of the first FAA in Analysis 1 and 
recurrence of the FAA in Analyses 2, 3, and 4. 


Analysis 1 


The analysis endpoint was FAA development (Table 
3). Log rank tests suggested that patients without ASHD 
(p < 0.004) and males (p < 0.04) were more likely to 
develop FAAs than females or those with ASHD (Table 
3). Using Cox proportional hazards regression analysis to 
determine the combination of variables predictive of FAA 
development, ASHD and sex remained predictors. Pa- 
tients without ASHD were 2.9 times as likely to develop 
FAA as patients with ASHD (95% Confidence Limits 1.6, 
5.1). Males were 2.8 times as likely to develop FAA than 
females (95% Confidence Limits 1.3, 5.7). 


Analysis 2 


The analysis endpoint was RFAA development (Table 
3). Log rank tests suggested that patients without ASHD 
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TABLE 3. Univariate Analysis Results 


Analysis Groups 
No. Included Endpoint Variables Tested p Valuet 
> R, RR, RRR FAA Gender <0.04 
ASHD <0.004 
Diabetes >0.13 
Year of AFB >0.07 
2* R, RRR RFAA Gender >0.12 
ASHD <0.02 
Diabetes >0.12 
Year of AFB >0.07 
3* RR, RRR RFAA Gender <0.05 
ASHD <0.0003 
Wound complication <0.03 
at AFB 
Systemic complication <0.03 
at AFB 
Time from AFB to <0.0002 
FAA 
Race >0.09 
Diabetes >0.07 
Year of AFB >0.08 
4t RR, RRR RFAA Gender <0.04 
ASHD <0.03 
Wound complications <0.03 
Race >0.18 


* From time of original AFB. 
t From time of FAA repair. 
t p value for all other variables >0.25. 


were more likely to develop RFAAs than those with 
ASHD (p < 0.02). Cox regression indicated that ASHD 
remained a predictor. Patients without ASHD were 2.9 
times as likely to develop RFAAs as those with ASHD 
(95% Confidence Limits 1.3, 6.5). 


Analysis 3 


The analysis endpoint was RFAA development (Table 
3). Log rank tests suggested that patients without ASHD 
(p < 0.0003), patients with local and systemic compli- 
cations at the original AFB reconstruction (p < 0.03), and 
patients for whom the time from the original reconstruc- 
tion to repair of FAA was less than 4.5 years (p < 0.0002) 
were likely to develop RFAAs (Table 3). Of patients who 
developed FAAs, females were more likely to develop 
RFAAs (p < 0.05) than males. Cox regression indicated 
that age at AFB reconstruction, systemic complications, 
local complications, and time from reconstruction to re- 
pair were predictors of RFAA development. Patients with 


- a systemic complication at AFB reconstruction were 5.2 


times as likely to develop RFAAs as those without (95% 
Confidence Limits 1.9, 14.2). Systemic complications in- 
cluded myocardial infarction, congestive heart failure, 
urinary tract infection, renal failure, atelectasis, pneu- 
monia, and hypertension. Patients with local wound 
complications, including superficial infection (Szilagyi 
type I),* lymphorrhea, or hematoma were 9.1 times as 
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likely to develop RFAAs as those without such compli- 
cations (95% Confidence Limits 2.2, 37.3). For every 
decrease of 5 years in age at the time of AFB reconstruc- 
tion, there was a 1.5 increase in risk of RFAA developing 
(95% Confidence Limits 1.1, 2.0). For every 1-year de- 
crease in time from the original AFB reconstruction to 
FAA repair, there was a 1.9 increase in risk of RFAA 
developing (95% Confidence Limits 1.5, 2.4). 


Analysis 4 


The analysis endpoint was RFAA development (Table 
3). Log rank tests suggested that females (p < 0.04), pa- 
tients without ASHD (p < 0.03), and those with local 
wound complications at the time of FAA repair (p < 0.03) 
were likely to develop RFAAs. Cox regression indicated 
that both age at repair and ASHD were predictors for 
RFAA development. For every decrease of 5 years in age 
at the time of the original AFB, there was a 1.6 increase 
in risk of RFAA developing (95% Confidence Limits 1.2, 
2.1). Patients without ASHD were 2.5 times as likely to 
develop RFAAs as those with ASHD (95% Confidence 
Limits 1.1, 5.5). l 


Other Variables Analyzed 


Other variables, such as graft size, original disease pro- 
cess, requirement of endarterectomy at the original AFB, 
type of synthetic suture material, and method of original 
FAA repair had no detectable statistically significant im- 
pact on the development of RFAAs. In addition, no effect 
of presence of hypertension or smoking on RFAA devel- 
opment could be detected. A small but not statistically 
significant effect of diabetes mellitus-and year of AFB re- 
construction was observed (Table 3). 


Discussion 


Although many causes have been suggested for the de- 
velopment of FAAs after aortofemoral prosthetic grafting, 
including type of suture material, graft dilation, anasto- 
motic stress resulting from compliance mismatch, arterial 
wall degeneration, arterial hypertension, graft-artery size 
mismatch, end-to-end versus end-to-side anastomosis, 
increased anastomotic tension, hip flexion, multiple op- 
erations, trauma, use of perioperative anticoagulation, 
inguinal ligament graft tethering, and wound-healing 
complications, none have proved dominant in FAA de- 
velopment. Quite the contrary, although many of the cited 
reasons for FAAs are continuously operational after AFB 
reconstruction, 96-98% of all femoral anastomoses do 
not develop anastomotic defects. It appears, however, that 
because 19% (37 of 195) of the primary FAA repairs re- 
sulted in RFAAs in the present study, development of 
FAA may be predictive of continuing healing complica- 
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tions. Because of apparent excellent durability and integ- 
rity of femoral anastomoses after most aortofemoral by- 
passes, in order to identify risk factors influencing RFAA 
development, a common denominator among patients in 
whom RFAAs developed was sought by comparing those 
patients having a single nonrecurrent FAA and those who 
never developed FAA with patients with RFAAs. 

As with any extended retrospective analysis, details of 
patients’ clinical characteristics may not be relevant by 
contemporary standards, particularly operative technical 
details. Furthermore, determination of whether or not loss 
of vessel wall integrity or mechanical defects in suture or 
prosthetic materials cause development of RFAAs may 
prove impossible, particularly in the milieu of multiple 
groin operations. The rarity of RFAAs precludes any 
practical prospective analysis of causative factors. This, 
combined with the long intervals required to accumulate 
enough lesions to evaluate objectively, during which time 
standards of evaluation and treatment change, preclude 
definitive statements regarding etiology. Careful retro- 
spective analysis, however, particularly of data compiled 
in a comprehensive and organized computerized vascular 


registry, may provide useful insights into the dominant 


risk factors influencing development of RFAAs. 

With the exception of the report by Carson and his 
colleagues, RFAAs have received little attention and are 
mentioned only in passing in reports describing FAAs.*"! 
Consequently, little is known about RFAAs and it is in- 
appropriate to assume that factors causing FAAs also 
cause RFAAs. 

In an analysis of 20 RFAAs, Carson and his associates 
concluded that Dacron graft dilation and subsequent host 
arterial degeneration were associated with RFAAs. They 
recommended that expanded polytetrafluoroethylene 
grafts, which have not been documented as dilating in 
vivo, be used when repairing anastomotic aneurysms, since 
none of the 25 aneurysms, including both FAAs and 
RFAAs, recurred. Although follow-up averaged only 19 
months, it appears that such recommendations have merit 
and are supported by mathematical analyses of graft-artery 
distention and diameter relationships.'* However, as fol- 
low-ups begin to lengthen, recurrences may become evi- 
dent. 

Aside from characterizing patients with RFAAs and 
the results of treatment, the purpose of this study was to 
identify factors defining those patients at risk of developing 
RFAAs, and to compare these patients with those who 
never had FAA and those who had a nonrecurrent FAA. 
Adequate follow-up was obtained for the RR group, so 
that median follow-up of RR patients from the time of 
original AFB to that of last examination or death was 112 
months, whereas median follow-up for the RRR group 
from original AFB to time of RFAA development was 87 
months (Fig. 2). If RFAAs were to develop in patients 
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undergoing successful primary FAA repairs, recurrences 
should have developed during the follow-up interval. It 
appears that patients who developed FAAs within 4.5 
years of original aortofemoral grafting were at greater risk 
of developing RFAAs than patients who did not develop 
FAAs during this interval (p < 0.0002). 

The inverse relationship between ASHD and RFAA 
was a surprising but consistent finding. This result cannot 
be explained by differences in length of follow-up for pa- 
tients with or without ASHD, since median follow-up for 
those with ASHD was 114 months and for those without 
was 108 months. The reasons for the significantly greater 
incidence of ASHD in patients of Groups R and RR when 
compared with patients of Group RRR is unknown, and 
any explanation would be merely speculative and without 
supporting data. Nonetheless, relative differences and 
limitations on physical activity that resulted in a more 
sedentary existence for patients with ASHD (as compared 
with those without ASHD) may have minimized RFAA 
development in patients with ASHD. 

In patients in whom local wound complications de- 
veloped, such as lymphorrhea or hematoma, RFAAs were 
almost ten times as likely to develop than they were in 
patients without such complications. Such local wound 
complications also included superficial wound infections 
involving the epidermis and dermis down to the subcu- 
taneous tissue, a Szilagyi type I infection.* Because infected 
FAAs were excluded from analysis, deeper wound infec- 
tions were not identified. 

Although men were more likely to develop FAAs after 
AFB reconstruction, when a woman developed FAA, 
RFAA was significantly more likely to develop than it 
would be in a man (p < 0.05). Consequently, clinicians 
should be sensitized to close observation and follow-up 
of women who undergo FAA repairs. 

For factors that reportedly influence development of 
FAAs (e.g., hypertension, smoking, diabetes mellitus, su- 
ture material, type of graft, and performance of adjunctive 
femoral endarterectomy), no statistically significant im- 
pact on development of RFAAs was detected. Although 
this is the largest series of RFAAs reported to date, the 
small size of the samples permitted identification of strong 
influencing factors only. In addition, 1t must be recognized 
that accurate confirmation of loss of arterial wall integrity 
as an influencing factor in RFAA development was not 
always possible in these groins, which had been dissected 
at least two times previously. But when observed, loss of 
host vessel integrity appeared to play a role in RFAA de- 
velopment, just as it influenced FAA development.” 

Because of perivascular scarring, precise repair may not 
always be possible when managing FAA. Technical vi- 
cissitudes coincident to FAA repair may influence RFAA 
development as much as type and size of prosthetic ma- 
terial selected for graft interposition reconstruction. This 


RECURRENT ANASTOMIC ANEURYSMS 


407 


was reflected in the 19% recurrence rate for primary FAA 
repairs of this study, compared with an overall 3-6% im- 
cidence of FAAs after AFB grafting. During the initial 
FAA repair, the common femoral artery served as the 
outflow tract in 76% of the repairs, and the deep and su- 
perficial femoral arteries in 16% of the repairs. During 
RFAA repairs, however, suitable common femoral artery 


was available for only 50% of the repairs and, with one 


exception, the deep or superficial femoral arteries were 
used for the remainder of the repairs (47%). It is tempting 
to speculate that had the initial FAA repair been to either 
the deep or superficial femoral arteries, rather than to a 
less than ideal or scarred common femoral artery, RFAAs 
would not have developed. However, type of initial FAA 
repair had no detectable impact on subsequent recurrence 
(p < 0.25). 

Recurrent femoral anastomotic aneurysms are prone 
to the same complications as arteriosclerotic aneurysms— 
namely, peripheral embolization, rupture, and thrombosis 
resulting in limb loss. Rupture occurred in three patients 
and three others had limb jeopardy manifest by ischemic 
rest pain. Nonetheless, even with the technical challenges 
encountered, RFAA can be successfully repaired, even as 
often as two or three times, provided that strict attention 


is paid to operative technical details and that meticulous 


surgical techniques are employed. Of note was that, despite 
dense perivascular scarring, with persistent and meticulous 
dissection, suitable outflow arterial segments were always 
isolated to permit interposition prosthetic regrafting (Fig. 
2). No extended revascularization procedures, such as si- 
multaneous femoral popliteal bypasses, were required. 
Although one patient died during the immediate post- 
operative period from a myocardial infarction, none of 
the patients undergoing RFAA repairs required an am- 
putation. Fifty-seven per cent of those who survived op- 
eration were alive at an average of 56 months after op- 
eration with functioning grafts and no recurrences. How- 
ever, three patients required additional repairs for 
recurrent RFAAs during the follow-up period. One of 
these patients (Patient-21) has undergone a total of six 
femoral anastomotic aneurysm repairs, having three per- 
formed in each groin (Table 1). 

A conservative approach consisting of observation and 
compulsive follow-up appears justified for selected pa- 
tients with RFAAs. Of the seven patients in whom this 
stance was adopted, five died of complications of ASHD, 
at an average of just under 6 months after the RFAA was 
recognized. Consequently, it is suggested that patients 
whose aneurysms measure less than 2 cm, particularly 
those with significant complicating medical problems, 
should be regularly followed until objective evidence of 
increase in aneurysm size compels repair. Three patients 
developed complications from the RFAAs while under 
observation and were promptly operated on with success. 
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This experience appears to justify a conservative stance 
among selected high-risk individuals. 

It is concluded that comprehensive follow-up is required 
after aortofemoral grafting to detect RFAAs. Data suggest 
that particular attention be paid to female patients, pa- 
tients who develop groin wound complications, and those 
who develop FAAs within 4.5 years of the original AFB. 
Recurrent femoral anastomotic aneurysms respond well 
to selective but aggressive operative management with an 
operative procedure mortality rate of less than 3% and an 
amputation rate of zero. 
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DISCUSSION 


Dr. RONALD J. STONEY (San Francisco, California): Dr. Elliott and 
his colleagues at the Henry Ford Hospital have reviewed the problem of 
recurrent femoral anastomotic aneurysms and focused our attention and 
their computer on many variables in an effort to identify those factors 
that may be responsible for this anastomotic healing failure. 

I had the opportunity to review their excellent manuscript, and I believe 
that at least one critical factor was not included among the variables that 
they analyzed: the status of the anastomotic disruption itself. 

(Slide) Their manuscript does not contain (or at least I was unable to 


find it) a description of the operative findings. Some of the factors re- 


sponsible for recurrent anastomotic aneurysms may be revealed by a 
careful anastomotic inspection made at the time of repair. We have 
attempted to do that in our own cases, and J suspect that Dr. Elliott and 
his colleagues, too, have data that they can supply concerning these re- 
current disruptions. 

. From reviewing our own paper, which Dr. Wylie and I published 
almost 25 years ago, it seems that, in one third of cases, we were able to 
verify at operation an obvious etiology for the anastomotic aneurysm. 
We noted suture breakage and perianastomotic separation as two features 
of the initial false aneurysm repair. We didn’t have as many recurrences 
as those reported today, but we also noted suture and perianastomotic 
failure in recurrent false aneurysm. I would like to ask the authors whether 
_ they reviewed the operative findings in the 37 patients that underwent 
the recurrent false aneurysm repair, and whether they gained some in- 
formation about the etiologic factors responsible for their false aneurysm. 
The method that is used for the primary false aneurysm repair may also 
be a factor in recurrent false aneurysms. I noted in their presentation 
that simple suture repair or reattachment of the graft and reinforcement 
of the anastomosis was used once with a recurrence. 

We, too, have‘observed a recurrence with simple suture repair, and 
have therefore abandoned that technique ao repairing primary false 
aneurysms. 

It would be interesting to know Ykes: this technique was used 
in any of the remainder of their 28 patients, and if so, what the out- 
come was. 

The authors had, of course, 152 patients that Ład undergone primary 
false aneurysm repair. Perhaps some of those patients who did not receive 
a secondary repair underwent the simple suture reanastomosis. It might 
be helpful to know how that technique influences the subsequent de- 
velopment of a recurrent aneurysm. 
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My last concern is the possibility of occult infection masquerading as 
a cause. of false aneurysm. I believe that this possibility has to be con- 
sidered, because it is difficult at times to culture organisms using routine 
techniques at any reoperation involving a prosthetic graft. Among more 
than 100 patients with proven graft infection, we have observed that 
routine culturing will identify only approximately one half of the infec- 
tions we ultimately document by operation. There are a number of pos- 
sible causes for culture “negative” infections, including poor culture 
technique, inadequate sampling sites, and suppression by antibiotic cov- 
erage. I wonder if the authors would tell us how they excluded infection 
as a source of recurrent false aneurysm? 

I enjoyed their paper, and thank the Association for the opportunity 
to comment on it. 


Dr, WILEY F. BARKER (Los Angeles, California): It is truly very difficult 
to add to a series like this and to add to a discussion like Ron Stoney’s, 
but I would like to stress a couple of things. One is the point that Dr. 
Stoney ended on. Although this series presumably excluded infection, it 
is critical when dealing with a recurrent anastomotic aneurysm—or any 
anastomotic aneurysm—-to be absolutely certain that you have cultured 
everything in sight, including pieces of graft and the tissue itself. Failure 
to recognize an infection is an invitation to a catastrophe later on. 

[ am interested in what causes these: I myself don’t have a very good 
idea. Certainly there are some technical factors that must be important. 
If the anastomosis isn’t sewn up correctly, it is apt to fall apart, but I 
don’t think you can accuse the group at Henry Ford of being technically 
inept. 

I believe one has to consider, however, that if a patient has an aneurysm 
and then has a recurrent aneurysm, there are usually two common factors: 
the patient’s surgeon and the patient. Which one is responsible, I believe, 
must come into question. 

There is one other common pattern that we have seen. The Henry 
Ford group seems to deny its existence: the deficiency of a tissue factor 
that several people have described. I believe that Dr. Michael DeBakey 
described this very aptly one time when he defined aneurysmal disease 
as being arterial malacia instead of arteriosclerosis. 

It has been our experience that these anastomotic aneurysms occur 
more commonly in patients who previously had aneurysms or also had 
multiple aneurysms. The occurrence of multiple aneurysms in patients 
who ultimately develop anastomotic aneurysm seems unusually common. 

I enjoyed the paper very much. I wish I had the statistical information 
to argue more precisely about the points on which I disagree. 
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Dr. ROGER F. SMITH (Closing discussion): I thank Dr. Stoney and 
Dr. Barker for their comments. 

The primary aim of this study was to identify the predictors of anas- 
tomotic aneurysm recurrence. This aim was limited by the small number 
of recurrent aneurysms that were available for analysis, despite the fact 
that this experience was accumulated over a 30-year period. 

Because this was a retrospective exploratory study ofa statistical nature, 
rather than a study to test predetermined hypotheses, the positive findings 
should be considered suggestive rather than conclusive. Although this is 
the largest series of recurrent femoral anastomotic aneurysms reported 
to date, the power achieved with a small sample size permitted identi- 
fication of strong influencing factors only, and negative findings in this 
study cannot be considered conclusive. A prospective study dealing with 
surgical technical details and the tissue pathology is impractical because 
the recurrent femoral anastomotic aneurysm is such a rare entity. 

Dr. Stoney, because this was a retrospective study, we were limited to 
the data recorded at the time of operation and during follow-up. We 
also did not have the specimens available for review. I would therefore 
agree that this is a limitation of our review, but that it should not have 
effected the statistical results of the other variables. I also recognize that 
infection is always a consideration. However, we ruled this out from the 
clinical presentation and routine cultures that were consistently negative. 
The technique of the repair of the first anastomotic aneurysm became 
well-standardized early in our experience, and I certainly concur that 
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primary suture repair is inappropriate. Indeed, if there is anythirg that 
we have learned over the years, it is the importance of extendiag the 
operation to good quality tissue as far distally as is necessary for a secure 
anastomosis—and this was frequently required in repairing recurrent 
anastomotic aneurysms. 

Dr. Barker, we also recognize that there is a basic healing defect as- 
sociated with the development of anastomotic aneurysms, but waether 
or not this is primarily due to a specific tissue deficiency factor is im- 
possible to prove at the present time. As we pointed out 13 years ago in 
our first evaluation of anastomotic aneurysms, endarterectomy certainly 
appears to be a significant factor in the formation of the original aneurysm, 
although it does not prove to be as important an influencing factor in 
the recurrents. 

The positive correlation of wound healing complications and “he re- 
currence of an anastomotic aneurysm was an expected finding, but we 
were surprised to see the influence of gender and associated diseas>. One 
can only speculate that perhaps the more vigorous lifestyle of the patients 
without atherosclerotic heart disease may have been a factor in the pre- 
disposition of this group to the development of recurrent aneurysm. We 
attribute our excellent surgical results to a careful longitudinal follow- 
up system that has allowed identification of recurrent anastomotic aneu- 
rysms before they became complicated, enabling surgical repair to be 
carried out electively in most cases. 
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Since the establishment of a clinical program in liver transplan- 
tation in 1984, 162 liver transplants have been performed in 131 
patients (78 adults, 53 children). The patient mortality rate while 
waiting for a suitable organ has been 8% for adults and only 4% 
for children (25-46% reported in the literature). The low pediatric 


mortality is a result of the use of reduced-size liver transplants.’ 


A total of 14 procedures have been performed in recipients whose 
clinical condition was deteriorating and for whom no full-size 
graft could be located. Of 14 children, 13 were less than 3 years 
of age. Patient survival is 50%, comparable to survival of high- 
risk recipients of full-size livers. Using reduced-size liver grafting 
in a transplant program can lower mortality for children awaiting 
a transplant by overcoming size disparity. Reduced-size liver 
grafting will allow more effective use of donor resources and 
provide a potential avenue of research for organ splitting and 
living related donation. 


RTHOTOPIC LIVER TRANSPLANTATION has re- 
ceived broader application since the National 
Institutes of Health (NIH) Concensus Confer- 
ence in 1983.1? A growing number of transplant centers 
are treating an expanding pool of adult and pediatric can- 


didates with chronic and acute liver failure, and this has . 


led to a relative scarcity of donor organs.” Because many 
of these candidates are critically ill, there is also a time 
constraint to the overall limited donor availability. Al- 
though a suitable organ for adult candidates can usually 
be located through routine mechanisms, small pediatric 
donors are relatively scarce, and because of this scarcity, 
20-50% of infants die while still on the transplant waiting- 
list,°? 

To overcome this size problem, we embraced the con- 
cept of reduced-size liver transplants (RLT), primarily for 
the small child with chronic liver disease. The successful 
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use of RLT was initially reported by Bismuth in 1984!° 
and Broelsch et al., also in 1984.1! This concept is presently 
applied by several European transplant centers (R. Pichl- 
mayr in Hannover,'* H. Bismuth in Paris,'!° J.B. Otte in 
Brussels,!? and R. Margreiter in Innsbruck), where organ 
scarcity is even greater, Our early experience has been 
reported elsewhere.° 

In this report we present our aE experience— 
methods, indications, and results—with 162 liver trans- 
plants performed on 131 patients in the 3.25 years since 
the inception of the liver transplant program at the Uni- 
versity of Chicago. Special emphasis is given to our pe- 
diatric transplant program, including the concept of re- 
duced-size liver grafting. 


Patients and Methods 
Patients and Transplants 


Between November 1984 and March 1988, 362 patients 
with liver disease have been evaluated by members of the 
University of Chicago Liver Transplant program. Of these, 
198 patients were adults between 16 and 67 years of age, 
and 164 were children between 4 months and 16 years of 
age. One hundred thirty-one patients received 162 liver 
grafts. Thirty-one retransplants were performed in 25 pa- 
tients, with 18 patients receiving a total of two livers, 5 
patients receiving a total of three, and two patients re- 
ceiving a total of four. The program has experienced steady 
growth. Twenty-five transplants were performed in 1985, 
53 in 1986 and 84 in 1987 and the first two months of 
1988. 


Adult Candidates 


Forty-one patients were referred for transplantation in 
1985; 16 of these patients (39%) died during evaluation, 
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TABLE 1. Growth of Adult Liver Transplant Program in Relation to 
Number of Patients Referred and Transplants Performed 


1985 1986 1987—March, 1988 
Patients evaluated 4] 62 95 
Patients transplanted 9 (10 tx} 27 (32 tx) 42 (54 tx) 
Pts. died during eval. 16(39%) 10(16.2%) 13 (13.6%) n= 39 
Pts. died on list — 2 (7.4%) 3 (7%) 
Tx. elective 2 (22%) 13 (48%) 13 (31%) 
Tx. urgent 7 (78%) 14 (52%) 29 (69%) 


and nine underwent transplantations (Table 1). Seven of 
these latter nine patients were hospital- or ICU-bound, 
whereas the remaining two underwent transplantations 
electively (i.e., called in from home or waiting outside the 
hospital). In 1986, only ten of 62 patients (16%) referred 
for transplantation died during evaluation. Still, of the 27 
who underwent transplantations, 14 were hospital-bound. 
In 1987, 13 of 95 (13.6%) died during evaluation, and 29 
patients were hospital-bound at the time of transplanta- 
tion. Thirteen patients were operated on electively. Only 
four adults (all of whom had chronic liver disease) died 
while still on the transplant waiting-list. 


Pediatric Candidates 


The status of pediatric candidates is presented in Table 
2. Of 164 patients, 106 were judged transplant candidates. 
In 1985, 13 patients underwent transplantations, nine of 
whom were hospital- or ICU-bound and four of whom 
were elective. In 1986, 15 patients underwent transplan- 
tations, six patients of whom were elective. Twenty-five 
children received transplants in 1987. Thirteen were elec- 
tive, and twelve were hospital-bound. Overall, seven chil- 
dren who were potential transplant candidates died during 
evaluation. Only four of 106 (4%) died before a donor 
could be located. | 


Indications 


The indications for transplantation in adult and pedi- 
atric recipients are presented in Tables 3 and 4. In adults, 
chronic active hepatitis with cirrhosis was the most fre- 
quent diagnosis (n = 34; 44%), whereas in children, the 
diagnosis of biliary atresia was the most frequent (n = 33; 


TABLE 2. Pediatric Candidates for Liver Transplantation 


Patient Status as of April 1988 Number % 
Patients evaluated with liver disease 164 
Potential transplant candidates 106 100 
Transplanted 53 50 
Transplant not yet indicated 42 40 
Died during evaluation 7 6 


Died while on waiting-list 4 4 
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TABLE 3. Liver Transplantation Indications in 78 Adults 


Number % 
Chronic active hepatitis with cirrhosis 34 44 
Cryptogenic cirrhosis 9 12 
Fulminant hepatic failure 12 16 
Primary biliary cirrhosis 6 7 
Primary hepatic cancer 5 6 
Sclerosing cholangitis 5 6 
Secondary biliary cirrhosis 3 4 
Other 4 5 


Totals > 78 100 


67%). Fulminant hepatic failure (n = 18) was somewhat 
over-represented in our series. Six children received 
transplants for fulminant hepatic failure from non-A non- 
B hepatitis. (Tables 5 and 6). 


Reduced Liver Transplant Indications 


Of a total of 66 transplants in 53 patients, 14 children 
have received RLT grafts. RLT was performed when ex- 
pected survival was less than 48 hours (n = 6) and on 
children with chronic liver disease who were on the waiting 
list on high priority for at least 1 month and who expe- 
rienced progressive deterioration despite maximal in-pa- 
tient medical support (n = 7). Recently, a 6-year-old boy 
weighing 18 kg underwent transplantation electively with 
an RLT from a 17-year-old donor weighing 64 kg. Ten 
children received a RLT as a primary graft, and four as 
a retransplant. The indications for grafting in these 14 
cases are presented in Tables 5 and 6. 


Surgical Techniques of RLT 


Three different types of hepatic reductions were used 
to create a transplantable lobe of the liver, where liver 
mass was the appropriate size for the recipient’s abdominal 
space. The right lobe was used in three cases, the left lobe 
in nine cases, and the left lateral segment in two cases. 
Up to 6.5 times the weight of that of the recipient was 
accepted as maximum weight difference between denor 


TABLE 4, Liver Transplantation Indications in 53 Children 


Number % 
Biliary atresia 33 67 
Fulminant hepatic failure 6 1] 
Metabolic disorders 5 9 
Progressive intrahepatic cholestasis 4 8 
Alagille’s syndrome 2 4 
Other 3 6 


Total 53 100 
(U of C 3/88) 
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TABLE 5, Primary Grafts Preoperative Clinical Status 


Patient Age Weight 
No. (mos) (kg) Diagnosis 
Í 11 9 Bil, atresia 
2 I5 y 61 FHF} 
4 48 16 FHF 
6 4 6 Bil. atresia 
7 6 7 Bil. atresia 
8 24 15 Bil. atresia 
9 36 18 Bil. atresia‘ 
11 24 12 Bil. atresia 
13 7 a Bil. atresia 
14 6 y 18 SC§ 


* On ventilator. 
+ Weeks spent on transplant list (inpatient status). 


and recipient. The average weight difference was 3.4 times 
the recipient weight. 

Donor and recipient operations were performed using 
conventional techniques.'* The donor liver was perfused 
in situ with limited preliminary dissection and was trans- 
ported to the recipient operating room. The size reduction 
was performed after recipient laparotomy and assessment 
of the abdominal space, distance between the supra- and 
infrahepatic vena cava and the size of the portal vein. The 
ex vivo hepatectomy was then performed while a second 
surgical team completed the recipient hepatectomy. 


Right Lobe Graft 


Preparing the right lobe consisted of an anatomical left 
hepatectomy (Fig. 1). First, a cholecystectomy and ligation 
of cystic artery and cystic duct was performed. The com- 
mon bile duct was dissected into the hilum, up to the 
junction of the left and right duct, and the left hepatic 
duct was ligated. Attention was given to the small vessels 
surrounding the common duct. The hepatic artery was 
then dissected, beginning at the celiac trunk, followed 
along the common hepatic artery and the proper hepatic 
artery to the bifurcation, and the left hepatic artery was 
ligated. The portal vein was then isolated until the left 
portal branch was identified and excised. The site of the 
excision was closed with a 6-0 running suture to maximize 
the length of the vessel. Once the hilum was dissected, 


Encephalopathy ICU 
Indication for RLT (0-4) (0, 1) 
Deterioration (5 wkt) 2 0 
Coma 4 1” 
Coma 4 1* 
Deterioration (5 wks) 1 0 
Deterioration (4 wks) 0 0 
Deterioration (8 wks) 0 0 
Deterioration (12 wks) | 0 
Deterioration (8 wks) 2 0 
Deterioration (4 wks) 2 l 
Elective 0 0 


t Fulminant hepatic failure. 
§ Sclerosing cholangitis. 


the vena cava (IVC) was isolated from the caudate lobe 
by sharp dissection with ligation of individual small he- 
patic veins entering the IVC. With the IVC stretched out, 
its anterior wall was separated from the hepatic paren- 
chyma by sharp dissection until the major hepatic veins 
were isolated. The left and median left hepatic veins were 
divided, and the cava was rotated to the right to reveal 
the space between the hepatic veins and the posterior sur- 
face of the liver that provides the anatomical division be- 
tween the right and left lobes. 

The transection of the parenchyma started at the gall- 
bladder fossa and was directed toward the hilum. On the 
liver surface, the line was parallel to the falciform ligament 
toward the left hepatic vein. The parenchyma was bluntly 
dissected with the tip of the scissor, and each vascular or 
biliary structure to the right side was suture-ligated. The 
cut surface was inspected by flushing the portal vein and 
individually suturing each site of leakage. Irrigation was 
performed through the hepatic artery and the bile duct, 
as well. 

Mattress sutures with 3-0 Surgilene® (American Cy- 
anamid Company, Danbury, CT) were used to reduce the 
raw surface and to apply moderate pressure to the rim of 
parenchyma along the line of dissection. No glue or ad- 
hesive was used to seal the surface. After revasculariza- 
tion, parenchymal bleeding was controlled with an infra- 
red light coagulator (Lumed, Medizintechnik GmbH, 
Muenchen, F.R.G.). 


TABLE 6, Retransplanis Preoperative Clinical Status 





Age Encephalopathy 
ICU Weight 
N (mos) (kg) Diagnosis Indication for RLT (0-4) (0, 1) 
3 15 10 Bil. atresia Acute art. thrombosis 4 1* 
5 6 7 Bil. atresia Acute art. thrombosis 4 |" 
10 9 10 Bil. atresia Rejection (8 wks) 0 i 
12 24 10.5 Bil. atresia Primary non-function 4 i* 





* On ventilator. 
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Lefi Lobe Graft 


Preparation of the left lobe was done similarly, following 
the steps of the previously described procedure exactly by 
performing a cholecystectomy, ligating the cystic duct, 
dissecting bile duct, and ligating the right hepatic duct 
(Fig. 2). After the isolation of the hepatic artery (including 
the celiac trunk, the common hepatic artery, and the 
proper hepatic artery), the right hepatic artery was ligated 
and divided. Finally, the portal vein was isolated, the right 
portal vein was divided, and the site of bifurcation over- 
sewn with 6-0 running Surgilene suture. Along the vena 
cava, the caudate lobe did not have to be removed, but 
several small hepatic veins entering the vena cava from 
the right side were ligated. The right hepatic vein was 
divided, and the site was closed with 4-0 Surgilene running 
suture. The parenchymal dissection was identical and all 
vascular structures on the transected surface were suture- 
ligated. Again, the margin was gently compressed by mat- 
tress sutures using the falciform ligament as a pledget. 


Left Lateral Segment Graft 


The third method used was the construction of a left 
lateral segment (Fig. 3). Ordinarily, this segment comprises 
less than 25% of the mass of the liver and is the smallest 


Right Lobe Graft 
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Fic. 1. A completed right lobe graft. The following abbreviations are 
used: IVC = Inferior vena cava; RHV = right hepatic vein; LHV = left 
hepatic vein, MHV = middle hepatic vein; RPV = right portal vein; 
CYs.A = cystic artery; RHA = right hepatic artery; LHA = left hepatic 
artery; CHA = common hepatic artery; GDA = gastroduodenal artery; 
SA = splenic artery; LGA = left gastric artery; RHD = right hepatic 
duct; CD = common duct; PV = portal vein. 
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Left Lobe Graft 
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FIG. 2. A left lobe graft using the entire parenchyma of the left liver. 
Abbreviations are as in Figure | with the following exceptions: LHD 
= left hepatic duct; LPV = left portal vein; RL = round ligament. 


anatomically independent segment to have its own hepatic 
venous outflow and vascular supply. The procedure ba- 
sically consists of a hepatic trisegmentectomy. 

The preparation was begun at the common duct that 
was followed to the junction of the left and right duct, 
where the right duct is openly divided. The duct was fol- 
lowed toward the left lobe, and the branches to the caudate 
lobe and the median hepatic left lobe (Segment 4), were 
ligated and divided. The hepatic artery was isolated as 
previously described, and, after being divided from the 
right hepatic artery, was followed toward the left obe, 
with the branch to the left median lobe ligated and divided. 
The portal vein was dissected next, and the right portal 
vein branches, as well as the median left portal vein branch 
and the branch to the caudate lobe, were divided. A.s al- 
ways, all orifices were closed with 6-0 Surgilene rurning 
suture. The inferior vena cava was dissected completely 
free of its attachments to the liver, and all hepatic veins 
were divided until the outlets of the median left hepatic 
vein and the left lateral hepatic vein were reached. 

The transection of the parenchyma followed the fal- 
ciform ligament, beginning with careful ligation of all 
branches within the round ligament until the hilum of 
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Fic. 3. The completed left lateral segment graft, including the parenchyma 
of segments 2 and 3 of Couinaud. Abbreviations are as in previous figures. 


the liver was reached. In fact, the cut surface tends to be 


relatively small and requires only careful suture ligation 
of all visible vascular or biliary structures. Perfusion was 
then carried out through the portal vein, hepatic artery, 
and bile duct to detect leakage. While dissection through 


the parenchyma was taking place, a segment of the left. 


median hepatic vein was preserved to serve as the vascular 
interposition for the recipient vena cava. Several orifices 
_ of hepatic veins had to be suture-ligated. The diameter of 
the suprahepatic vena cava was reduced to half its original 
size, or about 20-25 mm. Its diameter was merely adapted 
to that of the recipient suprahepatic and infrahepatic vena 
cavae, and its length to the distance between them (about 
5-6 cm). During implantation, the graft was slightly ro- 


tated counterclockwise to allow the segment to fill the 


space of the right subdiaphragmatic area. 


Implantation 


All RLT grafts were transplanted orthotopically. The . 


portal vein was anastomosed end-to-end, and the arterial 


anastomosis was accomplished either end-to-end between ' 


BROELSCH AND OTHERS 


Left Lateral Segment Graft 


Ann. Surg. e October 1988 


the common hepatic arteries of the recipient and donor, 
or by anastomosis between the aorta of the recipient and 
a Carrel patch of the celiac trunk of the donor. The bile 
duct was drained with a hepaticojejunostomy. Primary 
abdominal closure was possible in 12 to 14 cases. In two 
cases, temporary closure was accomplished with a Goretex 
(W. L. Gore & Associates, Inc., Elkton, MD) or reinforced 
Silastic patch. 

After surgery, patients were managed using our stan- 
dard postoperative protocols, as reported previously.’ Re- 
jection episodes were treated with bolus steroids in all 
cases, and, in cases of steroid resistance, with monoclonal 
OKT3 (Orthoclone OKT-3, Ortho Pharmaceutical Co., 
Raritan, NJ).’ 


Results 


| Overall patient survival rates, calculated by the life table 
method, have increased from 49% (n = 24 patients) during 


_ the first year; 63% (n = 53) transplants during the second 


year, to 70% (n = 67 transplants) during the last year (Fig. 
4). Candidate criteria have not changed, nor has the rel- 


‘ative distribution of high-risk candidates versus elective 


candidates. Elective candidates accounted for 27% of the 
transplants in 1985, 33% in 1986, and 26% in 1987. 
Thirty-one retransplants have been performed in 25 
patients. The causes for retransplantation in the adult 
population were nonviable grafts (n = 11), acute artery 
thrombosis (n = 1), and chronic rejection (n = 7). In 
children, the causes were primary malfunction (n = 4), 
arterial thrombosis (n = 4), and rejection (n = 5); the 


- survival of patients requiring retransplant was 40% (4 of 


10 patients). 


Survival after liver transplantation* 
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TABLE 7. Patient Outcome for Primary Transplants 


Patient Alive 
No. Follow-up (0, 1) Cause of Death 
1 5 days 0 Intracranial hemorrhage 
2 5 days 0 Nonviable graft 
4 6 mos 0 Systemic CMV 
G.I. bleeding 
6 18 mos } 
7 12 mos I 
8 10 mos l 
9 14 days 0 Intracranial hemorrhage 
11 7 mos ] 
13 5 mos l Retransplant with full size graft 
14 1 mos l 


Survival times and causes of death in the pediatric group 
receiving RLT are presented in Tables 7 and 8. In all, six 
of ten patients who received their RLT as a primary graft 
(60%), are alive between 1 and 18 months after surgery. 
Patients 1 and 9 died of intracranial hemorrhage on post- 
operative Days 5 and 14, when liver function was ac- 
ceptable. Patient 4 died 6 months after transplantation 
with severe CMV infection, recurrent gastrointestinal 
(G.L) bleeding, multiple intestinal fistulas and a B-cell 
lymphoma. Patient 2 received a nonviable graft and died 
of coagulopathy and hemoperitoneum. Patient 13 re- 
ceived a RLT that failed because of acute hepatic artery 
thrombosis. This patient is alive after retransplantation, 
although with neurological deficiencies from shock due 
to acute sepsis and brain edema. 

Patient survival after retransplantation with a RLT is 
poor, with one patient out of four surviving after 11 
months (Table 8). The survivor, Patient 5, was initially 
transplanted electively and was retransplanted for acute 
rejection and hepatic artery thrombosis. The second liver 
was a full-sized, nonfunctioning graft from a hypoxic, 
newborn donor. The RLT was the third graft and served 
as a life-sustaining, temporary support. The graft was too 
large and any attempt to close the abdomen resulted in 
ventilatory insufficiency. Finally, this infant (weighing 7 
kg) underwent retransplantation a fourth time with a 
whole liver, and is alive and well 15 months later. In the 
three other attempts, retransplant with RLT failed, with 
one intraoperative death and two patients dying of sepsis 
after 1 month. 


TABLE 8. Patient Outcome for Retransplants 


Patient Follow-up 
No. (mos) Alive Cause of Death 
3 0 0 Intraoperative death 
5 9 1 (Retransplanted with full-size 
graft after 10 days) 
10 l 0 Sepsis 
12 1 0 Sepsis 
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TABLE 9. Donor/recipient Size Match in Primary Grafts 


Patient Recipient Donor Weight 
No. Age/Weight Age/Weight Ratio Graft 
Used) (kg) (kg) (D:R) (lobe) 
i 11 mos/9 12 yrs/33 3.6:1 Left 
2 15 yrs/61 37 yrs/90 1.5:1 Left 
4 4 yrs/19 45 yrs/70 Dei Le L lateral 
6 4 mos/6 7 mos/1! 2:1 Right + 4 
7 8 mos/8 15 yrs/25 3.1:1 Left 
8 3 yrs/17 18 yrs/60 3.5:1 Left 
9 30 mos/15 30 yrs/50 3.3:1 Left 
11 24 mos/10.4 13 yrs/35 3.4:1 Left 
13 7 mos/5.5 7 mos/15 2.734 Left 
14 6 yrs/18 17 yrs/64 3.5:1 Right 


Donor-Recipient Size Match 


The relationships between the donors and the recipients 
of RLT grafts, their ages and weights, and the type of graft 
that was prepared are presented in Tables 9 and 10. In 
the group receiving RLT as a primary graft, our aim was 
not to exceed four times the weight difference between 
donor and recipient. In retrospect, it was difficult to predict 
the relationship between donor and recipient age and 
weight and the segment eventually used. This is because 
the relative size and shape of the hepatic segments vary 
greatly with respect to overall size of the liver. Left lateral 
segment grafts were used to overcome the largest size dis- 
parities; three pediatric donors were used for recipients 
weighing less than 10 kg. For the retransplant group, the 
donor recipient weight ratio exceeded once, but the lobe 
chosen was too large for abdominal closure. Within the 
donor-recipient weight range of two to four times their 
weight difference, the left lobe was used in nine instances. 
When the donor was less than twice as large as the recip- 
ient, a right lobe could be used. 


Complications 


Graft complications were encountered in ten of 14 re- 
cipients of RLT (Tables 11 and 12). Severe ischemia 
damage (n = 5) and acute vascular occlusions (n = 2) 
were most common. One graft was nonviable (Patient 2). 
Four others suffered severe ischemia damage that resulted 
in one intraoperative death and that may also have com- 


TABLE 10. Donor-Recipient Size Match in Retransplants 


Recipient Donor Weight 
Patient Age/Weight Age/Weight Ratio Graft 
No. (kg) (kg) (D:R) (lobe) 
3 15 mos/10 22 yrs/64 6.5:1 L lateral 
7 6 mos/7 2 yrs/13 2:1 Right 
10 12 mos/12 15 yrs/30 2.01 Left 
12 24 mos/10.5 8 yrs/20 1.9:1 Left 
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TABLE 11. Complications in Patients Receiving RLT as a Primary Graft 


Patient No. Graft Complication Extrahepatic Complication Outcome 
l Ischemic injury Intracranial hemorrhage (Day 3) Death 
2 Ischemic injury Death 
Primary nonfunction 
4 Graft too large CMV-G.I. hemorrhage Death 
Bile duct necrosis B-cell lymphoma 
6 Ischemic injury Resolved 
7 None l Pulmonary failure Resolved 
8 Portal vein thrombosis Resolved 
G.I. bleeding 
9 Ischemic injury Intracranial hemorrhage Death 
1] Cholangitis Recurrent pleural effusion . Resolved 
(6 mos post-transplant) 
13 Arterial thrombosis Ischemic neurologic injury Retransplant, alive with neuro deficit 
14 None None Alive 





plicated the postoperative course of two children who died 
of intracranial bleeding. Ischemic damage resolved in one 
case. Two patients had portal vein thrombosis and hepatic 
arterial thrombosis, respectively, the first being success- 
fully treated by declotting and patching the anastomosis. 
One patient was retransplanted successfully with a RLT. 
Other complications such as cholangitis (n = 1) and bile 
duct necrosis (n = 1) were treated with antibiotics or with 
a Roux-Y biliary reconstruction. In two instances, the 
graft was too large, necessitating retransplantation in one 
case and delayed closure in the other. 

Extrahepatic complications occurred in virtually every 
patient receiving RLT except the elective recipient (Patient 
14). In seven patients, extrahepatic problems did not affect 
the transplant function. One patient (Patient 7) required 
ventilatory support for more than 1 month without its 
having any significant effect on the transplant function. 
Two patients with sepsis who received a RLT retransplant 
showed normal liver function until their final decompen- 
sation. CMV infection resolved upon treatment in one 
patient (Patient 15), but led to severe intestinal bleeding 
in another patient, who subsequently died.!? Rejection 
episodes occurred in eight patients and responded to bolus 
steroid therapy in all. 


Discussion 
The series reported here includes the first 162 trans- 


plants performed at the University of Chicago. The pro- 


TABLE 12. Complications in Patients Receiving RLT 
as a Retransplant 


Graft Extrahepatic 
Patient No. Complication Complication Outcome 
3 Ischemic injury Intraop death 
5 Graft too large CMV (resolved) Retransplant alive 
10 None Sepsis Death 
12 None Sepsis Death 


gram was established as a joint effort among the Depart- 
ments of Surgery, Medicine, and Pediatrics, because we 
recognized the complex needs of liver patients. We have 
continued to function with the team concept and have 
solicited active participation from anesthesiologists, in- 
tensive care specialists, !° psychiatrists, and infectious dis- 
ease personnel, in addition to the surgeons and hepatol- 
ogists originally involved. 6'8 

In the initial stages of development, most patients were 
referred from the Chicago area, and included a large per- 
centage of decompensated patients who required intensive 
medical workup and treatment. Many of these adult can- 
didates died before an operation could be considered (Ta- 
ble 1). The pattern of referral has changed because of 
communication with our professional colleagues and 
programs of continued medical education. The broader 
acceptance and understanding of transplantation has re- 
sulted in a patient population that has increased during 
the past year, yet many patients are still being referred 
late in the course of disease. However, fewer adults have 
died before transplantation could be considered (13.6% 
in 1987 vs. 39% in 1985), perhaps because of improved 
medical management and donor referral (Table 1). 

Because of regional organ sharing, sharing within the 
national pool of donors through the UNOS system, and 
the acceptance of crossing ABO blood groups, the death 
of an adult who is still on the transplant waiting-list has 
become something of an exception. However, it is still a 
major problem for pediatric transplantation, with 25-50% 
of candidates dying before a donor becomes avail- 
able.”! 1131920 Tt is estimated that children less than 2 years 
of age are at an even greater risk of death before trans- 
plantation can occur, because availability of small donors 
is more scarce than it is for larger children.**? The esti- 
mated waiting time for small pediatric recipients has in- 
creased with increasing demand,’ and this nearly precludes 
treating children with acute liver failure.”! 

The concept of RLT has been developed to overcome 
this shortage of donor organs and to include in the group 
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of transplant candidates children with acute liver failure. 
Bismuth first reported the use of RLT in 1983.!!" It was 
developed on the basis of two precepts. First, the technical 
feasibility results from the segmental anatomy of the 
liver??? as it is encountered by routine hepatic sur- 
gery.!®627 Second, relative to infants’ organs, adult or 
larger pediatric donor organs have become more available. 

This results from there being .a larger population pool 
in which more head injuries caused by accidents are likely 
to occur, causing maldistribution of liver donors. For ex- 
ample, in the Illinois procurement area, in 1986 only 40% 
of 143 cadaveric renal donors were also liver donors.* 
Other reports confirm these figures and reveal a wastage 
of procurable livers due to a lack of size-matched recipi- 
ents.” 

Pediatric donor organs, however, will always be scarce, 
particularly for the smaller recipients. There is a bimodal 
distribution of end-stage liver disease in children. Uncor- 
rectable biliary atresia, which accounts for the majority 
of infants who require transplantation, and several met- 
abolic disorders account for a peak near the end of the 
first year.’ Later, near the end of the first decade and 
increasing into adolescence, a second peak is observed to 
result from progressive cirrhosis in patients with biliary 
atresia and successful Kasai procedure, alpha-1-antitrypsin 


deficiency and chronic active hepatitis. In the latter group, 


organ availability is not the problem that it is in the former. 

Many small infants (7.e., weighing less than 10 kg) die 
before a whole infant organ becomes available. Indeed, 
referrals from two major pediatric surgical groups for or- 
thotopic liver transplantation (OLT) were more apt to die 
before transplant than after.’ RLT provides a flexibility 
in using available cadaveric donor organs to match size 
disparities and in using all available organs to reduce the 
loss of infants waiting on the transplant list. 

Partly as a result of this strategy, at the University of 
Chicago, the loss of pediatric patients on the list was as 
little as 4% (Table 2). 

Fulminant liver failure (FHF) has a high mortality rate 
with medical therapy.*?° Results of liver transplantation 
in adults with FHF have been encouraging, with a 1-year 
survival rate of more than 60% in our own experience, as 
well as that of others.!’*! OLT is less of an option in 
children because of the size of the recipient, which is ag- 
gravated by the absence of abdominal distention from 
chronic ascites, and the urgency of the need. Therefore, 
in children and even in small adults with acute liver fail- 
ure, RLT increases the treatment options dramatically. 

The role of RLT in retransplantation for acute graft 
failure due to primary nonfunctioning graft or hepatic 
artery thrombosis is difficult to assess.*/'7! Survival of pa- 


* Ilinois Transplant Society, 1986 (unpublished data). 
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tients in Stage 4 coma and multiorgan failure at the time 
of retransplantation has not been reported, and, if possible, 
this setting should be avoided for retransplantation to be 
successful. Hence, a suitable organ procured in a t-mely 
fashion would provide survival for the child with acute 
graft failure. 

It is important to recognize that RLT improves the use 
of donor organs and does not deprive another patient 
who needs a graft. Organs from elementary school-aged 
children are most useful in transplanting infants through 
RLT. In this same age group, liver disease is at an ebb 
and accident rates are high, producing a donor-recrpient 
mismatch. Although greater usage of childrens’ and adults’ 
organs may be realized as referrals increase, they will al- 
ways be more available than infants’ organs. Also, the 
logical extension of RLT is “split-grafting,” where two 
RLTs are performed with one organ, which will further 
improve usage of organs.? A recent analysis from our 
center involving the ethical issues surrounding RLT in- 
dicates that a strategy involving RLT will be to the ad- 
vantage of the pediatric liver transplant candidate.” 

Two technical problems remain important to RLT: ad- 
equate size reduction and the control of hemorrhaze or 
leaking from the resected surface. 

Preparing a RLT is dependent on the size and shape 
of the donor liver, which is not predictably related to the 
body weight, size or abdominal circumference of the do- 
nor. To avoid the possibility of wasting the organ, a backup 
size-matched recipient should be prepared for transplant. 
The size reduction is generally feasible if the donor is no 
more than 4-6 times the weight of the recipient. The conor 
liver should be delivered intact into the recipient operating 


> room, and, with the recipient’s abdomen open, the choice 


of the lobe should be made. In general, the right Icbe is 
the largest usable segment, although in one instance a 
disproportionately large left lobe was used. With regard 
to special arrangement and vascular anastomoses, the right 
lobe best fits into the right upper quadrant with a vena 
cava, hilar structures and the cut surface being easily ac- 
cessible. 

Alternatively, the entire left lobe provides a prostheses 
of similar size if the AP diameter of the graft is small 
enough to allow closure of the abdomen. Occasionally, 
the vena cava has to be reduced in diameter through a 
longitudinal incision and resection of part of the back 
wall. The portal vein requires some more length because 
the hilum is leaning more toward the right side. Wita the 
celiac trunk attached to the hepatic artery there is endugh 
length to reach the recipient’s common hepatic artery or 
suprahepatic aorta. 

A left lateral lobe has been used twice in this series 
(three in personal series).!! It is the smallest functional 
unit to which the liver can be reduced and was performed 
when donor-recipient weight ratio exceeded the factor of 
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6. The dissection is technically easier than the other two 
methods described because there is sufficient length of -he 
portal vein and the hepatic artery can be achieved by cis- 
section of the left median segment. Furthermore, the zut 
surface is relatively small in diameter and anatomically 
follows the falciform ligament. Reconstruction of the ae- 
patic vein outflow can be accomplished in two. Firs, a 
vascular interposition for the recipient vena cava with a 
segment of the median left hepatic vein attached can be 
used by adapting the diameter of the vena cava outfbw 
to the suprahepatic vena cava of the recipient.'' Secondly, 
the recipient vena cava can be preserved during the-re- 
cipient hepatectomy, and a direct anastomoses betw-en 
the donor left lateral hepatic vein and the vena cava orice 
of the recipient left hepatic vein can be performed.’ 

Biliary reconstruction is usually accomplished by ne- 
patico-enterostomy in all RLT. It is important to mte 
that the bile duct must be short when a left lobe or left 
lateral segment is being used because the blood suppl of 
the duct usually originates from the right hepatic artery 
and is cut off when those lobes are used. 

Occasionally, the anterior-posterior dimension of the 
left lateral segment can be too large to allow comforteble 
abdominal closure at the time of transplant, although the 
abdomen needs only to be decompressed above the liver 
surface. Secondary closure can be attempted, but failure 
to do so can lead to infection. In one case, a retranspBn- 
tation became necessary to overcome this complication. 

Bleeding from the resected surface has been minimal, 
and occurred only in cases with diffuse coagulopathy. 
Meticulous suturing during the bench procedure, mattress 
sutures of the parenchyma, and infrared light coagulation 
have been sufficient to control bleeding or bile leak=ge. 
The use of tissue glue or polyacrylic surface spray has 
been reported by other groups to seal off the surface,” 1> -234 
but was not used in our series. 

Other details of the procedure, blood loss, operaing 
time, ischemia time, and early functional assessments kave 
been reported elsewhere.® Since ischemia damage ac- 
counted for three instances of severe malfunction ofthe 
graft, the advent of improved organ preservation, u:-ing 
solution originating from the University of Wiscorsin, 
should avoid these complications and allow a more lei- 
surely dissection. In addition, by extending the indication 
of RLT for more elective candidates, results are expected 
to improve simply because the candidates have more re- 
serve to overcome complications. 

In conclusion, our initial clinical series demonstrates 
that long-term survival with RLT is possible. The ro- 
cedure could also serve as a temporary support mea:-ure 
in cases of fulminant hepatic failure or graft failure until 
‘an optimal donor can be located. Our group and ot2iers 
have had sufficient experience to find that this operétive 
technique is developed to the degree that the operative 
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risk is comparable to that of whole liver grafting. By over- 
coming size limitations, RLT can increase use of available 
donors without competition with adult recipients who are 
likewise awaiting transplants. Further experience with 
planning and execution of size reduction is mandatory to 
optimize the application of RLT. 
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DISCUSSION 


Dr. RONALD W. BUSUTTIL (Los Angeles, California): Dr. Broelsch 
and his colleagues have focused their attention on the dire problem of 
the existing shortage of pediatric donors for critically ill children with 
end-stage liver disease. In this presentation they have reported their ex- 
perience with reduced size organ transplantation in a group of 14 children 
urgently in need of liver replacement. These pediatric patients had the 
usual indications for urgent liver grafting, including retransplantation, 
fulminant hepatic failure, and rapidly aggressive chronic liver disease. 
The technique used has been previously described and is based on the 
anatomic removal of hepatic segments to allow a suitable fit into a small 
recipient. The use of the left lobe is most appealing, in that it requires 
minimal tailoring of the vena cava and avoids the potential problem of 
bile duct necrosis that can occur when a left lateral segment is used 
alone. 

Using a reduced liver graft, six of ten patients who underwent primary 
transplantation survived. However, only one of four patients who were 
retransplanted with a reduced graft survived. This is discouraging, because 
it seems that retranspiantation would be the Number One indication for 
a reduced size organ graft. 

What is of further concern is that the reduced organ is fraught with a 
70% incidence of graft complications, These range from global graft isch- 
emic damage to both hepatic artery and portal vein thrombosis. To put 
this into perspective, I have looked at our own experience with pediatric 
liver transplantation at UCLA, and specifically, at that subgroup of pa- 
tients who we would consider to be potential candidates for reduced size 
livers—-namely, those pediatric patients who were in urgent need of re- 
transplantation. 

(Slide) Two hundred fifty-nine liver transplants were performed at 
UCLA between February 1, 1984 and April 15, 1988. Of these 259 cases, 
109 pediatric liver transplants were performed on 91 children. These 
children ranged in age from 5 months to [5 years, with a mean of 5 
years. Our overall 4-year actuarial survival rate of these 91 patients is 
currently 80%. Eighteen of these children required retransplantation and 
make up the group shown on the bottom curve. Indications for retrans- 
plantation included hepatic artery thrombosis (seven patients), primary 
nonfunction (four patients), and liver rejection (seven patients). For none 
of the patients who required retransplantation were we unable to find a 
donor. We mismatched blood groups in eleven cases and generally ac- 
cepted even the so-called “bad donor.” 

What is clear is that these children did not do as well as those with 
primary grafts, However, their rate of survival is still significant, under- 
scoring the benefits of an aggressive policy at retransplantation using 
only whole organs. Four-year actuarial survival of this group of 18 patients 
who underwent retransplantation is 61%. The reduced organ size graft 
technique is a novel one, and I commend Dr. Broelsch on his pioneering 
efforts. However, I would caution against its widespread acceptance until 
more experience is accumulated to properly define its role in pediatric 
liver transplantation. 

I would like to conclude by asking three questions. 
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If one looks at the donor age and weight, which were used for reduced 
size organs, eight organs were of pediatric size, which we would prefer 
to use for a recipient of that size. Thus, isn’t this technique potentially 
reducing the pool of grafts that might be more appropriately suited for 
those pediatric recipients who would have a more favorable prognosis? 

There seems to be a higher incidence of infection and intracranial 
hemorrhage in these patients than one would anticipate with those having 
whole organ grafts. Dr. Broelsch, do you believe that this is due to greater 
graft ischemia or to the poor quality of the host in whom you are im- 
planting the organ? 

If one takes this technique one step further, do you feel that it is 
applicable to living related partial hepatic grafts? 


DR. ROBERT J. CORRY (Iowa City, Iowa): I would like to compliment 
Dr. Broelsch and the other authors on this outstanding presentation, 
and I commend them on their application of a partial donor liver graft 
In overcoming the size disproportion of some children who, because of 
the limited number of pediatric donors, might not otherwise receive a 
liver graft. 

Several years ago, Dr. Ron Malt of the Massachusetts General Hospital 
and I used partial liver grafts for heterotopic auxiliary transplantation 
in dogs, primates, and in one human. We believed that this procedure 
could be used as a bridge for those patients who might be able to recover 
their own liver function, and perhaps also be used as a permanent graft 
in high-risk patients. 

As you are aware, at that time (20 years ago), the success rate of this 
technique as well as that of even the orthotopic technique was not good, 
and the heterotopic liver transplant procedure was abandoned in humans. 
However, as you know, auxiliary grafting has recently been applied in a 
few of the European programs with some long-term success, particularly 
in reoperative patients and other high-risk patients. 

So my question, Chris, is whether or not you plan to extend this 
unique technique of transplanting a portion of the donor liver as either 
a bridge for patients who might recover their own liver function or possibly 
even as a permanent graft in high-risk patients. 


DR. CHRISTOPH E. BROELSCH (Closing discussion): Thank you, Dr. 
Busuttil and Dr. Corry for your remarks. I believe that Dr. Busuttil 
pointed in the right direction regarding the application of this procedure; 
at the present time, urgent retransplantation is where the scarcity of 
donor organs in children is preeminent. 

In most instances, the success of retransplantation relies on the im- 
mediate availability of organs. I haven’t presented our data yet on the 
retransplanted children with full-size organs. When you get a full-size 
organ within 24 hours after the decision for retransplant has been made, 
the results certainly will be better. 

In the past, we would wait 24 hours or even 48 hours to get a full-size 
graft first, and when this didn’t succeed, we would increase the weight 
range of the donor.to get any piece of liver in order to attempt the 
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salvage. I believe that, by using the reduced size earlier than we did, we 
may reduce the relatively high lethality in the retransplant population. 

Furthermore, you mentioned that we are depriving the pool of potential 
pediatric donors by using reduced size grafts. In fact, we performed this 
procedure in two babies in whom we initially ettempted to perform a 
full-size graft procedure. Before operation was performed, it turned out 
that the grafts were too large in size, and they had to be reduced in size 
before grafting. But, whatever the size of the graft, by using the technology 
available and being flexible in reducing the sizə of the graft, one can 
make a perfect fit into the potential recipient. 

We performed the procedure in six other children who were between 
2 and 13 years of age. As you know, the overall pool of donors in that 
relatively larger group of children is larger than that of babies because 
of the mechanisms of death; school children run into cars and are pro- 
nounced brain dead, whereas this does not occur with babies. In general, 
the pool of donors in the adolescent age group is larger than that of 
infants, whereas there is less demand for such donors because of the 
incidences of liver diseases. The donor pool of older children is where 
we probably will focus the application of this procedure. 

The graft complications have been a problem to us, especially ischemia. 
As I have said, we have experienced 2.5 hours longer ischemia time in 
those operations using partial grafts as compared with those using the 
full-size grafts. Whether this is attributable to initial malfunction or 
whether the marginal circulation or the advanced disease of the recipient 
is the cause, I don’t have clue. 

Hemorrhaging of the brain occurred in three of our cases. I believe 
this was due to the fact that the graft was partially functioning. These 
children are in renal failure, they are overloaded with fluid, and they 
have liver failure. These conditions may contribute to brain edema, and 
that may just set the situation for receiving an intracranial bleed. Sur- 
prisingly to us, we have never observed a bleeding from the raw liver 
surface and no infection from the cut surface, although we are not using 

glue or adhesives to seal off the cut liver surface. 
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Hepatic arterial thrombosis was seen in only one case, and that was 
a surprise because in using this procedure, the group in Belgium, together 
with other groups in Hannover, Paris, and Innsbruck, have reported a 
few incidents of hepatic arterial thrombosis. In all 14 cases that we dealt 
with, we observed only one incidence, which is likewise low. 

In one patient, we observed a portal vein thrombosis. We tried to 
remove it, and the patient subsequently required a splenorenal shunt 
and is now doing fine 18 months after surgery. 

Speculatively, turning toward the scope of where this technology could 
be applied in the future, striking idea one must consider is living related 
donors for grafts. I strongly believe that we will be using this technique 
one day because many babies younger than two years of age do not 
otherwise have a large donor pool. We hope to show in the laboratory 
that the living related model works in dogs and provides long-term sur- 
vival. 

We may then, with a profound ethical background, even embark on 
such a trial in humans. 

Conceptually, the situation is different than in segmental pancreatic 
grafts or in living related renal transplants because the liver regenerates 
completely. 

Dr. Corry, regarding your question about the heterotopic concepts, I 
believe we are all aware of the work of yourself, Dr. Malt, Dr. Price, and 
others, such as Dr. Wexler, who did exciting work on autologous lobe 
liver transplantation. I believe you have shown us the technique for 
performing this in dogs, as well as how to pursue this concept further. 

However, I learned from the rat model, when I worked with Dr. Orloff 
in the laboratory, that there is a problem with hepatic venous outflow. 
If you put a transplant in the heterotopic position somewhere in the 
abdominal cavity, it is going to atrophy and will not survive very long. 
You have to put it into a favorable outflow position that 1s close to the 
diaphragm and close to the liver. And, indeed, the only long-term survivor 


_ with a heterotopic auxiliary transplant lived 4 years. The small pediatric 


graft was placed into a heterotopic position right underneath the dia- 
phragm so that it had a favorable outflow condition. 


Are you aware of a new choice in 
therapies in the management of 
chronic pleural effusions? 


The Denver ` Pleuro-Peritoneal 

Shunt is an implantable device which 
drains excess pleural fluid into the peri- 
toneal cavity providing an effective 
alternative to therapies that are not + 
always satisfactory, such as thoracente- 
sis and sclerotherapy. Effective palliation 
of the respiratory symptoms can be 
accomplished at home, without lengthy 
hospitalization, pain or discomfort. This 
unique product can improve the quality 
of life when your patient needs it most. 


For Control 
of Chronic 

- Pleural 

~ Eftusions 


Features include a flexible pump for 
patient management of flow, a self- 
cleaning valve, and an X-ray detectable 
stripe along the full length of the tube. 


Consider the Denver Pleuro-Peritoneal 

Shunt alternative when referring your 

next patient for management of a 

chronic pleural effusion. Current bibli- 

ography and reprints available upon 

request. Call toll free: 800-826-3626 O man 
(in Mass., 617-961-2300 Ext. 386). 


Codman & Shurtleff, Inc., Randolph, CODMAN & SHURTLEFF, INC. 
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(Imipenem-Cilastatin Sodium|MSD) 


Contraindications: PRIMAXIN is contraindicated in patients who 
have shown hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSI- 
TIVITY (anaphylactic) REACTIONS HAVE BEEN REPORTED IN 
PATIENTS RECEIVING THERAPY WITH BETA LACTAMS. THESE 
REACTIONS ARE MORE APT TO OCCUR IN PERSONS WITH A HIS- 
TORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 


THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF 
PENICILLIN HYPERSENSITIVITY WHO HAVE EXPERIENCED 
SEVERE HYPERSENSITIVITY REACTIONS WHEN TREATED WITH 
ANOTHER BETA LACTAM. BEFORE INITIATING THERAPY WITH 
‘PRIMAXIN’ CAREFUL INQUIRY SHOULD BE MADE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, 
CEPHALOSPORINS, OTHER BETA LACTAMS, AND OTHER ALLER- 
GENS. IF AN ALLERGIC REACTION TO ‘PRIMAXIN’ OCCURS, DIS- 
CONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS 
MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


Pseudomembranous Colitis has been reported with virtually all antibiotics, including PRI- 
MAXIN; therefore it is important to consider its diagnosis in patients who develop diarrhea in 
association with antibiotic use. This colitis may range in severity from mild to life threatening. 


Mild cases of pseudomembranous colitis may respond to drug discontinuance alone. In more 

severe Cases, Management may include sigmoidoscopy, appropriate bacteriological studies, 

fluid, electrolyte, and protein supplementation, and the use of a drug such as oral vancomy- 

on; as ame Isolation of the patient may be advisable. Other causes of colitis should also 
considered. 


Precautions: Genera/—CNS adverse experiences such as confusional states, myoclonic 
activity, and seizures have been reported during treatment with PRIMAXIN, especially when 
recommended dosages were exceeded. These experiences have occurred most commonly in 
patients with CNS disorders (e.g., brain lesions or history of seizures) and/or compromised 
renal function. However, there have been reports of CNS adverse experiences in patients who 
had no recognized or documented underlying CNS disorder or compromised renal function. 


Patients with severe or marked impairment of renal function, whether or not undergoing 
hemodialysis, had a higher risk of seizure activity when receiving maximum recommended 
doses than those with no impairment of renal function; therefore, maximum recommended 
doses should be used only where clearly indicated (see DOSAGE AND ADMINISTRATION). 


Patients with creatinine clearances of <5 mL/min/1.73 m? should not receive PRIMAXIN 
unless hemodialysis is instituted within 48 hours. 


For patients on hemodialysis, PRIMAXIN is recommended only when the benefit outweighs 
the potential risk of seizures. 


Close adherence to the recommended dosage and dosage schedules is urged, especially in 
patients with known factors that predispose to convulsive activity. Anticonvulsant therapy 
should be continued in patients with known seizure disorders. If focal tremors, myoclonus, or 
seizures occur, patients should be evaluated neurologically, placed on anticonvulsant therapy 
if not already instituted, and the dosage of PRIMAXIN re-examined to determine whether it 
should be decreased or the antibiotic discontinued. 


As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of nonsus- 
ceptible organisms. Repeated evaluation of the patient's condition is essential. If superintec- 
tion occurs during therapy, appropriate measures should be taken. While PRIMAXIN pos- 
sesses the characteristic low toxicity of the beta-lactam group of antibiotics, periodic 
assessment of organ system function during prolonged therapy is advisable. 


Drug Interactions—Since concomitant administration of PRIMAXIN and probenecid results in 
Only minimal increases in plasma levels of imipenem and plasma half-life, it is not recom- 
mended that probenecid be given with PRIMAXIN. 


PRIMAXIN should not be mixed with or physically added to other antibiotics. However, PRI- 
MAXIN may be administered concomitantly with other antibiotics, such as aminoglycosides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Gene toxicity studies were performed 
in a variety of bacterial and mammalian tests in vivo and in vitro. The tests were: V79 mamma- 
lian cell mutation assay (PRIMAXIN alone and imipenem alone), Ames test (cilastatia sodium 
alone), unscheduled DNA synthesis assay (PRIMAXIN), and in vivo mouse cytogenicity test 
(PRIMAXIN). None of these tests showed any evidence of genetic damage. 


Reproduction tests in male and female rats were performed with PRIMAXIN at dosage levels 
up to 8 times the usual human dose. Slight decreases in live fetal body weight were restricted 
to the highest dosage level. No other adverse effects were observed on fertility, reproductive 
performance, fetal viability, growth, or postnatal development of pups. Similarly, no adverse 
effects on the fetus or on lactation were observed when PRIMAXIN was administered to rats 
late in gestation. 

Pregnancy—Pregnancy Category C: Teratogenicity studies with cilastatin sodium im rabbits 
and rats at 10 and 33 times the usual human dose, respectively, showed no evidence of 
adverse effect on the fetus. No evidence of teratogenicity or adverse effect on postnatal growth 





or behavior was observed in rats given imipenem at dosage levels up 
to 30 times the usual human dose. Similarly, no evidence of adverse 
effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 


Teratology studies with PRIMAXIN at doses up to 11 times the usual 
human dose in pregnant mice and rats during the period of major 
organogenesis revealed no evidence of teratogenicity. 


Data from preliminary studies suggest an apparent intolerance to 
PRIMAXIN (including emesis, inappetence, body weight loss, diar- 
rhea, and death) at doses equivalent to the average human dose in 
pregnant rabbits and cynomolgus monkeys that is not seen in non- 
pregnant animals in these or other species. In other studies, PRI- 
MAXIN was well tolerated in equivalent or higher doses (up to 11 
times the average human dose) in pregnant rats and mice. Further 
Studies are under way to evaluate these findings. 


There are, however, no adequate and well-controlled studies in preg- 
nant women. PRIMAXIN should be used only if the potential benefit 
justifies the potential risk to the fetus. 


Nursing Mothers—lt is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when PRIMAXIN is adminis- 
tered to a nursing woman. 


Pediatric Use—Safety and effectiveness in infants and children below 12 years of age have not 
yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 patients 
treated in clinical trials were severely ill and had multiple background diseases and physio- 
logical impairments, making it difficult to determine causal relationship of adverse experi- 
ences to therapy with PRIMAXIN. 


Local Adverse Reactions—Local adverse clinical reactions that were reported as possibly, 
probably, or definitely related to therapy with PRIMAXIN were: phlebitis/thrombophlebitis 
(3.1%), pain at the injection site (0.7%), erythema at the injection site (0.4%), vein induration 
(0.2%), infused vein infection (0.1%). 


Systemic Adverse Reactions—The most frequently reported systemic adverse clinical reac- 
tions that were reported as possibly, probably, or definitely related to PRIMAXIN were: nausea 
(2.0%), diarrhea (1.8%), vomiting (1.5%), rash (0.9%), fever (0.5%), hypotension (0.4%), 
seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), pruritus (0.3%), urticaria (0.2%), 
somnolence (0.2%). 


Additional adverse systemic clinical reactions reported as possibly, probably, or definitely 
drug related occurring in less than 0.2% of the patients or reported since the drug was mar- 
keted are listed within each body system in order of decreasing severity: Gastrointestinal— 
pseudomembranous colitis (see WARNINGS), hemorrhagic colitis, gastroenteritis, 
abdominal pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, increased 
salivation; CNS—encephalopathy, tremor, confusion, myoclonus, paresthesia, vertigo, head- 
ache, psychic disturbances; Special Senses—transient hearing loss in patients with impaired 
hearing, tinnitus; Respiratory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain; Cardiovascular—palpitations, tachycardia; Rena/—oliguria/anuria, polyuria; Skin— 
erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin texture changes, 
candidiasis, pruritus vulvae; Body as a Who/e—polyarthralgia, asthenia/weakness. 


Adverse Laboratory Changes—Adverse laboratory changes without regard to drug relation- 
ship that were reported during clinical trials or reported since the drug was marketed were: 
Hepatic—increased SGPT, SGOT alkaline phosphatase, bilirubin, and LDH; Hemic— 
increased eosinophils, positive Coombs test, decreased WBC and neutrophils, including 
agranulocytosis, increased WBC, increased platelets, decreased platelets, decreased hemo- 
globin and hematocrit, increased monocytes, abnormal prothrombin time, increased lympho- 
cytes, increased basophils; E/ectro/ytes—decreased serum sodium, increased potas- 
sium, increased chloride; Rena/—increased BUN, creatinine; Urinalysis—presence of urine 
protein, urine red blood cells, urine white blood cells, urine casts, urine bilirubin, and urine 
urobilinogen. 

NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that the maxi- 
mum total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever is lower. 

How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials, infusion bottles, 
and single-dose ADD-Vantage*’ vials containing imipenem anhydrous and cilastatin sodium 
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equivalent and 500 mg cilastatin equivalent. 
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Personal Experience With 411 Hepatic Resections 





SHUNZABURO IWATSUKI, M.D. and THOMAS E. STARZL, M.D., PH.D. 





Over a 24-year period, 411 partial hepatic resections were per- 
formed: 142 right or left trisegmentectomies, 158 lobectomies, 
25 segmentectomies, and 86 local excisions. The operations were 
performed for benign lesions in 182 patients, for primary hepatic 
malignancies in 106, and for hepatic metastases in 123, including 
90 from colorectal cancers. The 30-day (operative) mortality rate 
was 3.2%, and there were an additional six late deaths (1.5%) 
due to hepatic failure caused by the resection. The highest op- 
erative mortality rate (6.3%) resulted from the trisegmentecto- 
mies, but this merely reflected the extent of the disease being 
treated. A mortality rate of 8.5% for patients with primary hepatic 
malignancy was associated not only with the extensiveness of 
lesions, but also with cirrhosis in the remaining liver fragment. 
There was no mortality for 123 patients with metastatic disease, 
100 patients with cavernous hemangioma, 22 with liver cell ad- 
enoma, 17 with focal nodular hyperplasia, 16 with congenital 
cystic disease, and five with hydatid cysts. Trauma, pre-existing 
iatrogenic injury, and cirrhosis were the only conditions that had 
lethal portent in patients with benign disease. Furthermore, pa- 
tients with benign disease who survived operation had minimal 
liability from recurrence of their original disease and none from 
the resection per se. By contrast, tumor recurrence dominated 
the actuarial survival rates for cancer patients, which at 1 and 
5 years were 68.5% and 31.9%, respectively, after resection for 
primary hepatic malignancy, and 84.2% and 29.5%, respectively, 
for hepatic metastases. In this report, the expanding role of par- 
tial hepatectomy in the treatment of liver disease was emphasized, 
as well as the need for considering, in some cases, the alternative 
of total hepatectomy and liver replacement. 


LTHOUGH HEPATIC RESECTION was first carried 
out over a century ago,’ it was not until the pre- 
cise lobar and segmental anatomy of the liver 
was appreciated that controlled anatomic hepatic resection 
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became feasible.2~’ Almost two more decades ensued be- 
fore hepatic resections could be performed safely by many 
surgical specialists interested in this field. 

Our interest in hepatic resection started with the referral 
of patients for liver transplantation whose hepatic lesions 
were believed to be too extensive for subtotal hepatectomy. 
Many such masses could be resected with modifications 
of previously described but uncommonly used operations, 
such as right trisegmentectomy,*” or with operations not 
previously performed.'° Portions of this experience have 
been reported earlier.*-!° 


Methods 
Case Material 


Four hundred eleven patients were treated consecu- 
tively at the University of Colorado Health Sciences Cen- 
ter (1964-1980) and at the University Health Center of 
Pittsburgh (1981-1987). The case load increased over the 
years (Table 1), 78 resections being carried out in 1987 
alone. 

The patients ranged in age from 11 months to 81 years. 
Twenty-five of the total 411 were younger than 18 years 
of age, and 22 were younger than 12 years of age. The 
182 patients with benign hepatic lesions (Table 2) were 
operated on either because they had the appropriate 
symptoms or because malignancy could not be ruled out. 
Of the 229 malignant lesions, 106 were primary in the 
liver, and 123 were metastatic from various origins 
(Table 2). 


Kinds of Resections 


There were six categories of hepatic resections (Fig. 1): 
right and left trisegmentectomy, right and left lobectomy, 





TABLE 1. Incidence of Hepatic Resection by 5-year 


Period and Indication 

Number of Benign Primary Secondary 

Years Patients Lesion Malignancy Malignancy 
1964-1970 6 4 2 0 
1971-1975 25 10 10 5 
1976-1980 77 32 17 28 
1980-1985 181 87 43 51 
1986-1987 122 49 34 39 
Total 411 182 106 123 


left lateral segmentectomy, and nonanatomical local re- 
section. With right trisegmentectomy, the left posterior 
portion of the caudate lobe was removed or retained, de- 
pending upon the location of the tumor.® Similarly, with 
left trisegmentectomy, the caudate process alongside the 
retrohepatic vena cava was removed or spared, as dictated 
by the tumor location.'® “Extended” left or right lobec- 
tomy, which removed only a portion of the anterior or 
medial segment, respectively, were considered left or right 
lobectomy. 

Nonanatomical local excisions were used primarily to 
excise benign tumors or to remove malignant tumors in 
patients with high operative risk factors. Some of these 
so-called local excisions were those of huge lesions and 
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were more difficult than anatomic resections (Fig. 2). The 
kinds of hepatic resection used for benign and malignant 
hepatic lesions, as well as the operative mortalities, are 
summarized in Table 3. 


Statistical Analysis 


The results were summarized as of April 1, 1988 with 
a minimum follow-up of 3 months. The survival rates 
were calculated by the method of Kaplan-Meier, and sta- 
tistical comparisons were made by the method of Breslow 
and of Mantel-Cox. 


Results 
Operative Mortality 


Operative mortality, defined as death within | month 
of the operation, totaled 13 (3.2%) of 411 patients (Table 
3). Nine (6.3%) of 142 patients submitted to right or left 
trisegmentectomy died, as well as three (1.9%) of 158 sub- 
mitted to right or left lobectomy. One (0.9%) of the re- 
maining 111 patients died after a nonanatomic resection 
(Table 3). 

The mortality rate of patients who received treatment 
of primary hepatic malignancy was 8.5% (Table 3). There 


TABLE 2. Indications for 411 Hepatic Resections 


Benign Hepatic Lesion (182 Patients) 


Primary Hepatic Malignancy (106 Patients) 


Secondary Hepatic Malignancy (123 Patients) 





No. of No. of No. of 
Lesion Pts. Malignancy Pts. Malignancy Pts. 
Cavernous Hemangioma 100 Hepatocellular carcinoma 67 Colorectal cancer 90 
(HCC) 
Adenoma 22 Fibrolamellar HCC 12 Intestinal cancer 6 
FNH 17 Nonfibrolamellar 35 Carcinoid 4 
Congenital cyst 16 Cholangiocarcinoma (CHC) 14 Spindle cell sarcoma 1 
Polycystic disease 6 Bile duct cancer 6 Leiomyosarcoma l 
Nonpolycystic disease 10 Carcinoma of hepatic cyst wall 4 Kidney cancer 5 
Trauma 10 Leiomyosarcoma 4 Renal cell cancer 3 
Hydatid cyst 5 Rhabdomyosarcoma 2 Wilm’s tumor 2 
Abscess 4 Hepatoblastoma 2 Adrenal cancer 5 
Caroli’s Disease 2 Angiosarcoma l Adrenocortical carcinoma 4 
Fibroma l Adenocarcinoma of gallbladder l Neuroblastoma l 
Leiomyoma l Sarcoma, undetermined cell l Breast cancer 4 
type 
Mesenchymal Hamartoma l Neuroendocrine tumor l Adenocarcinoma 2 
Mesenchymoma l Adenocarcinoma l Comedocarcinoma | 
Regenerative Nodule l Unclassified malignancy 2 Angiosarcoma l 
Organized Hematoma 1 Gastric leiomyosarcoma 2 
Ovarian adenocarcinoma 2 
Uterus cancer 2 
Squamous cell cancer l 
Endometrial sarcoma l 
Melanoma 2 
Glucagonoma, pancreas l 
Leiomyosarcoma, rectum l 
Thyroid medullary carcinoma 1 
Ewing’s sarcoma | 
Mesothelioma l 
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was no mortality in resections for metastatic tumor. Four 
(2.2%) of 182 patients with benign hepatic lesions died. 

Seventeen of the 411 patients had gross cirrhosis; five 
of these patients (29.4%) died. By contrast, the mortality 
rate of patients without gross cirrhosis was eight (2%) of 
394 (p < 0.01). Four of the nine deaths after resections 
for primary hepatic malignancy were those of patients 
with obvious cirrhosis. 


Causes of Death 


Deaths Within 1 Month. Details of the 13 operative 
deaths are summarized in Table 4. There were six deaths 
in the operating room, four due to bleeding, one due to 
myocardial infarction, and one due to perforation of the 
atrium by a central venous catheter. Hemorrhage was in- 
herently uncontrollable in two of the foregoing cases be- 
cause the venous drainage of the remaining hepatic frag- 
ment was compromised by the tumor or the trauma that 
had led to the operation. 

Four additional patients died or underwent an attempt 
at liver transplantation during the first week after resection 
(Table 4). Two of these four patients had cirrhosis and 
died of liver failure, whereas a third patient underwent 
liver transplantation 6 days after an unwise attempt at 
right trisegmentectomy had compromised the inferior 
vena Cava just above the diaphragm. The death due to 
hepatic failure of one of these patients was particularly 
tragic because the “hepatoma” that had prompted a lo- 
bectomy had been a large regenerative nodule (pseudo- 
hepatoma). A fourth patient with blunt trauma died sud- 
denly | day after operation. The only findings at autopsy 
were cardiomegaly and microscopic fat emboli in the heart 
and the lungs. 

Three other patients died after 19, 20, and 29 days, 
respectively. The first of these patients was referred to us 
with a previously reported dissection of the coeliac axis 
caused by preoperative angiography,’ and the second pa- 
tient arrived at our institution with intrahepatic abscesses 
secondary to hepatic artery and hepatic duct injuries dur- 
ing cholecystectomy. The third patient died 29 days after 
right trisegmentectomy and left lateral segmental duct re- 
construction for Klatskin tumor. 

Another perspective is provided by correlating the data 
in Tables 3 and 4. Only two patients with benign disease 
died, and these were patients with traumatic injuries severe 
enough to require trisegmentectomy, the one patient hav- 
ing an iatrogenic liver abscess, and the other having cir- 
rhosis and the regenerative nodule of whom was misdi- 
agnosed. Of any of the patients who underwent resections, 
the highest mortality rate was that of patients who un- 
derwent trisegmentectomy (6.3%). Yet five of the nine 
deaths that occurred with trisegmentectomy resulted from 
the treatment of very extensive primary hepatic malig- 
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FIG. 1. Six categories of hepatic resections. 


nancies, and two additional deaths occurred after the 
treatment of massive hepatic trauma. Excluding these 
high-risk cases, the mortality of trisegmentectomy would 
have been less than 2%. 





FIG. 2. Nonanatomical local excision of this huge congenital cyst resulted 
in prolonged bile leak, which ceased 1 month later without surgical in- 
tervention. 
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TABLE 3. Extent of Hepatic Resections, Its Indication, and Operative Mortality (411 Patients) 


Right Left Right Left Left Lateral 
Trisegmentectomy Trisegmentectomy Lobectomy Lobectomy Segmentectomy Local Excision Total 
No. of Patients No. of Patients No. of Patients No. of Patients No. of Patients No. of Patients No. of Patients 
(op. death) (op. death) (op. death) (op. death) (op. death) (op. death) (op. death) 
Primary malignancy 50 (5) 8 (2) 17 (1) 18 (0) 4 (0) 9 (1) 106 (9) 
Hepatocellular 
carcinoma 30 (2) 4(1) 13 (1) 12 (0) 3 (0) 5 (1) 67 (5) 
Cholangiocarcinoma 5 (1) 3 (1) 2 (0) 3 (0) 0 (0) 1 (0) 14 (2) 
Others 15 (2) 1 (0) 2 (0) 3 (0) 1 (0) 3 (0) 25 (2) 
Secondary 39 (0) 6 (0) 43 (0) 16 (0) 12 (0) 7 (0) 123 (0) 
Colorectal 28 (0) 6 (0) 30 (0) 14 (0) 9 (0) 3 (0) 90 (0) 
Others 11 (0) 0 (0) 13 (0) 2 (0) 3 (0) 4 (0) 33 (0) 
Benign lesion 37 (2) 2 (0) 50 (2) 14 (0) 9 (0) 70 (0) 182 (4) 
Hemangioma 12 (0) 1 (0) 26 (0) 5 (0) 6 (0) 50 (0) 100 (0) 
Adenoma 8 (0) 1 (0) 8 (0) 3 (0) 0 (0) 2 (0) 22 (0) 
FNH 2 (0) 0 (0) 3 (0) 1 (0) 1 (0) 10 (0) 17 (0) 
Congenital Cyst 7 (0) 0 (0) 3 (0) 2 (0) 0 (0) 4 (0) 16 (0) 
Trauma 4 (2) 0 (0) 4 (0) 1 (0) 1 (0) (0) (0) 10 (2) 
Others 4 (0) 0 (0) 6 (2) 2 (0) 1 (0) 4 (0) 17 (2) 
Total 126 (7) 16 (2) 110 (3) 48 (0) 25 (0) 86 (1) 411 (13) 


Delayed Deaths Caused by Resection. Six additional 
patients died more than | month after right trisegmen- 
tectomy (five examples) or right lobectomy (Table 5) for 
primary malignancy, colon cancer, metastases, and fungal 
abscess. Although some of these patients were able to re- 
turn home, hepatic failure was intractable. When these 
six deaths were included, the overall mortality rate in- 
creased from 3.2% to 4.6%, and the operative mortality 
rate after trisegmentectomy rose from 6.3% to 9.9%. 


Postoperative Complications 


There were 51 major complications, with some patients 
having more than one (Table 6). Seven (1.7%) of the 411 
patients required re-exploration for postoperative bleed- 
ing. Hemorrhage resulted from the cut surface of the liver 
in six patients and from the cystic artery in one patient. 
After hemorrhage was controlled, all but two patients re- 
covered without additional complications. The patient 


TABLE 4. Time and Cause of Operative Mortality (Death Within 1 Month) 


Age/Sex Diagnosis Procedure Time of Death Cause of Death 
64/F Cholangiocarcinoma RTS 20 days Hepatic failure 
Celiac axis thrombosis 
22/F Regenerative nodule RL 4 days Postoperative bleeding 
misdiagnosed as HCC Hepatic failure 
50/M HCC in cirrhosis RL 0 day Perforation of CVP 
Catheter into pericardium, 
cardiac temporade 
63/M HCC in hemochromatosis LTS 7 days Hepatic failure 
28/M Abscess after trauma RTS 0 days Hemorrhage 
77/M HCC in cirrhosis Local 0 days Myocardial infarction 
55/F Cholangiocarcinoma LTS 0 days Hemorrhage 
45/M HCC RTS 6 days Hepatic failure 
Transplant on 6th day 
31/M Trauma RTS | day Arrythmia due to fat 
emboli? 
52/F Neuroendocrine tumor (7) RTS 0 day Hemorrhage 
51/M Abscess after cholecystectomy RL 19 days Sepsis, multiple organ 
failure 
36/F HCC in cirrhosis RTS 0 days Hemorrhage 
62/M Bile duct cancer RTS 29 days Liver failure 


RTS = right trisegmentectomy. 
RL = right lobectomy. 
LTS = left trisegmentectomy. 


Local = nonanatomical local excision. 
HCC = Hepatocellular carcinoma. 
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who underwent a right lobectomy for pseudohepatoma 
died of liver failure after re-exploration, A subphrenic ab- 
scess developed in another patient who had hemangioma, 
and was drained successfully. Subphrenic abscesses de- 
veloped in 24 patients, all after right-sided resection; there 
was a 15.9% incidence of subphrenic abscess after right 
trisegmentectomy. The abscesses were drained surgically 
without delay, usually by a posterior approach through 
the twelfth rib. Three of the 24 patients died of hepatic 
failure after adequate surgical drainage. 

Prolonged bile leaks was observed in 13 patients, but 
closed spontaneously without surgical correction within 
2 months. Bile leaks occurred in 31.3% of the patients 
submitted to left trisegmentectomy, a high complication 
rate that has an anatomic explanation, as previously re- 
ported. ° 

After trisegmentectomy, two patients experienced ma- 
jor bleeding from stress ulcers in the stomach and duo- 
denum. They died of hepatic failure a few days after ulcer 
operations. Other complications, such as deep vein 
thrombosis, myocardial infarction, cerebral vascular ac- 
cident, and small bowel obstruction were managed suc- 
cessfully (Table 6). 


Follow-up for Benign Lesions 


Cavernous Hemangioma. Giant cavernous heman- 
giomas were excised from 25 males and 75 females ranging 
in age from 22 to 77 years, with a mean age of 46.2 years. 
The masses ranged from 4 cm to 41 cm, with a mean of 
12 cm in the largest diameter; they were multiple in 21 
patients. Focal nodular hyperplasia coexisted in three fe- 
male patients and hamartoma in two male patients. In 
eight of the 100 patients, some with and some without 
symptoms, there was a past history of a malignancy, and 
the diagnosis before operation was hepatic metastasis. 
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TABLE 5. Time and Cause of Early Death Related 
to Hepatic Resection 
Cause of 
Age/Sex Diagnosis Procedure Time of Death Death 
64/F Angiosarcoma RTS 58 days Hepatic failure 
Thorotrast Pulmonary 
cirrhosis metastasis 
59/M Fungal abscess RTS 32 days Sepsis 
Multiple organ 
failure 
54/M __ Hepatocellular RTS 45 days Hepatic failure 
carcinoma 
68/M Hepatocellular RTS 33 days Hepatic failure 
carcinoma 
73/M Hepatocellular RL 32 days Hepatic failure 
carcinoma 
71/M__ Colon cancer RTS 68 days Hepatic failure 


metastasis 


RTS = right trisegmentectomy. 
RL = right lobectomy. 


Forty-five patients complained of pain in the right upper 
quadrant, epigastrium, back, or shoulder girdle. Seventeen 
patients experienced vague but annoying symptoms in- 
cluded dysphagia, abdominal fullness, sensation of pres- 
sure, early satiety, nausea, vomiting, fatigue, night sweats, 
fever, and weight loss. Eleven patients had anemia with 
a hemoglobin of less than 10 g/dl, three patients had a 
platelet count of less than 100,000/cu mm, and one patient 
carried the diagnosis of primary fibrinolysis for several 
years. Gallbladder disease coexisted in four patients. 

The hemangioma ruptured spontaneously in two pa- 
tients, resulting in hemoperitoneum or hemobilia. Eight 
patients experienced hemorrhage after unwise percuta- 
neous needle biopsy or open biopsy of vascular lesions. 
In another 15 patients, hemorrhage occurred sponta- 
neously into the necrotic center of the giant hemangioma, 


TABLE 6. Postoperative Major Complications in Relation to Extent of Hepatic Resection 


RTS LTS RL LL LES Local Total 
(n = 126) (n = 16) (n = 110) (n = 48) (n = 25) (n = 86) (n = 411) 

Subphrenic abscess 20 0 3 0 0 l 24 
Prolonged bile leak 3 5 3 l 0 l 13 
Postoperative bleeding 3 0 l l 0 2 7 
G.I. bleeding 2 0 0 0 0 0 2 
Deep vein thrombosis 1 0 l 0 0 0 2 
Myocardial infarction 0 0 l 0 0 0 l 
Cerebrovascular 

accident 0 0 l 0 0 0 l 
Small bowel 

obstruction 0 0 l 1 0 0 l 
Total 29 5 11 2 0 4 51 


RTS = right trisegmentectomy 
LTS = left trisegmentectomy. 
RL = right lobectomy. 


LL = left lobectomy. 
LLS = left lateral segmentectomy. 
Local = Nonanatomical local excision. 
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FIG. 3. This giant hemangioma with areas of central necrosis sponta- 
neously ruptured. Emergency right trisegmentectomy was successfully 
performed. 


and in these patients, preoperative dynamic computerized 
tomography (CT) scan predicted the pathology accurately 
(Fig. 3). Patients with this complication notice a enlarging 
palpable abdominal mass or hepatomegaly, accompanied 
by severe abdominal pain. 

In 13 patients, the hemangiomas were almost or com- 
pletely asymptomatic, but in ten of these patients, the 
diagnosis could not be made with certainty, despite an 
extensive work-up. The CT scan of three patients revealed 
central necrosis and blood clot. 





FIG. 4. The multiple liver cell adenoma ruptured spontaneously during 
close observation. Emergency right trisegmentectomy was performed, 
leaving several small adenomas in the left lateral segment. Remaining 
adenomas grew larger, and new adenomas developed. One year after 
hepatic resection, this patient required orthotopic liver transplantation 
to relieve severe pain and other mass-related symptoms. She is doing 
well without recurrence of adenoma 5 years after transplantation. 
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Thirteen trisegmentectomies, 31 lobectomies, six lateral 
segmentectomies, and 50 nonanatomic resections were 
used (Table 3). The trisegmentectomies and lobectomies 
were reserved for very large lesions (Fig. 3), but some 
massive hemangiomas could be removed by local excision 
if they were pendulous or had narrow pedicles. 

All 100 patients survived operation and were followed 
for at least several months, after which further visits were 
not encouraged. However, 53 patients were traced for this 
report after 4 months to 14 years (mean of 4.5 years). 
Four patients died of malignancies that had been diag- 
nosed before hepatic resection: chronic lymphocytic leu- 
kemia, testicular cancer, lung cancer and hypernephroma. 
A fifth patient died from colon cancer that was discovered 
6 years after hepatic resection. None of the surviving pa- 
tients developed late complications other than an inci- 
sional hernia in one patient. Two of the patients experi- 
enced bouts of acute hepatitis with recovery long after 
operation. 

Before resection, 47 of the 53 patients who interviewed 
late had experienced significant symptoms. Forty-one were 
symptom-free, but six patients still had vague abdominal 
complaints that were different from previous ones. Among 
the six patients who were asymptomatic before the op- 
eration, two had no postoperative symptoms, and the re- 
maining four had died from a previously known malig- 
nancy before the follow-up contact. In three patients, small 
hemangiomas were left unexcised, and none have caused 
symptoms subsequently. 

Hepatic Adenoma. The patients ranged in age from 16 
to 60 years, with a mean age of 31.4. Five were male and 
17 were female. Ten of the women had a history of using 
birth control pills or estrogen therapy. Five of the 22 pa- 
tients, two men and three women, had multiple adeno- 
mas. The size of the tumors ranged from 5 cm to 27 cm, 
with a mean of 11 cm in the largest diameter. One male 
patient also had a parathyroid adenoma, and one female 
patient had focal nodular hyperplasia. 

Fifteen of the 22 patients had moderate to severe ab- 
dominal pain, and four additional patients had vague ab- 
dominal complaints. When first seen by us, the adenomas 
had ruptured in six patients with hemoperitoneum (Fig. 
4). Four patients with spontaneous hemorrhage into the 
necrotic center of the adenoma experienced excruciating 
pain. Only three patients were asymptomatic, with their 
solid tumors being found incidentally. These asymptom- 
atic adenomas were excised because of an increase in size, 
lack of definitive diagnosis, or because it was believed that 
their presence was reason enough for their removal. 

Lobectomy or trisegmentectomy were used for 20 of 
the 22 resections (Table 3). None of the patients died after 
operation, and in 20 cases, follow-ups were available on 
6 months to 17 years, with a mean of 6.5 years. In three 
patients with multiple adenomas that involved all four 
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segments of the liver, some of the lesions were left behind 
after right trisegmentectomy. In each case, either the re- 
maining adenomas enlarged or new lesions developed. 
One of these patients died of liver failure 6 years after 
resection. Five years after resection, another patient died 
of cryptococcosis, which was part of her acquired immune 
deficiency syndrome. Another patient who required liver 
transplantation for massive adenoma regrowth | year after 
right trisegmentectomy is alive and well 5 years after liver 
replacement (Fig. 4). No other recurrence is known to us 
at this time. Fifteen patients are free of symptoms after 
resection, and two others still have vague abdominal 
complaints that are different from previous symptoms. 

Focal Nodular Hyperplasia (FNH). These 17 female 
patients were 20 to 52 years old, with a mean age of 34.8. 
Thirteen had used birth control pills. Two patients had 
multiple lesions. In 17 patients, there was no coexisting 
benign lesion. The size of the tumors ranged from 4 cm 
to 14 cm, with a mean of 8 cm in the largest diameter. 

Symptoms were milder than those of patients with cav- 
ernous hemangioma and with adenoma, and in four pa- 
tients, the lesions were found incidentally. One patient 
had had ovarian cancer and another had had a malignant 
histiocytoma of the skin. In no case was the definitive 
diagnosis was made before surgery, although the diagnosis 
was often suspected. 

Two trisegmentectomies, four lobectomies, one lateral 
segmentectomy, and ten local excisions were performed 
with no deaths occurring. Ten of the 17 patients could be 
contacted in 1988 after a follow-up of 5 months to 11 
years, with a mean of 2.5 years. All of the seven patients 
who had had significant symptoms were now symptom- 
free, but three patients still had some vague abdominal 
complaints. No recurrence of this lesion is known to us. 

Congenital Hepatic Cysts. Two patients had widespread 
polycystic disease, and four others had multiple cysts that 
were limited to the resected specimen. The remaining ten 
patients had congenital cysts (Table 2). All of the patients 
with large cysts had significant symptoms with a history 
of repeated aspiration of cyst fluid (Fig. 5). Two of the six 
patients with polycystic disease had required intravenous 
(I.V.) alimentation and continuous administration of 
narcotics for nutrition and severe pain. Ten of the 16 
patients experienced fever and chills, and four of the pa- 
tients had jaundice. 

Seven trisegmentectomies, five lobectomies, and four 
local excisions were performed with no mortality. The 
two patients with severe polycystic liver and kidney disease 
had right trisegmentectomy or right lobectomy, leaving a 
lateral hepatic segment or left lobe that had fewer and 
smaller cysts than the rest of the liver. There was marked 
symptomatic relief for several years, but eventually there 
was cystic enlargement of the fragment and its cysts, which 
returned almost to their original size. 
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FIG. 5. This large cyst had been aspirated many times and sclerosed 
several times before excisional therapy. 


In contrast to the recurrences that occur with any pro- 
cedure for widespread polycystic disease, none of the pa- 
tients whose cyst or cysts could be resected completely 
has ever had subsequent difficulty with complete follow- 
ups of 1-15 years. 

Four additional patients who were believed to have be- 
nign simple cysts proved instead to have malignant 
changes in the cyst wall. These cases will be considered 
later in this report. 

Other Benign Lesions. The five patients with hydatid 
cysts underwent trisegmentectomy (one example), lobec- 
tomy (3 examples), and one local excision. Two of these 
patients proved to be unusually difficult cases, since they 
had been operated upon several times previously. In these 
two patients, the cysts had ruptured into the biliary tract. 

Miscellaneous diagnoses, including trauma, are listed 
in Table 2, and the procedures used are summarized in 
Table 3. Of the 27 patients, four died, three of these four 
deaths being from trauma or prior iatrogenic injury (dis- 
cussed earlier). 


Primary Hepatic Malignancy 


The operations performed are summarized in Table 3, 
and the actuarial survivals of patients with primary hepatic 
malignancy are shown graphically in Figures 6 and 7. 
Overall survival rates of 106 patients with primary hepatic 
malignancy were 84.9% at 3 months, 79.1% at 6 months, 
68.5% at 1 year, 53.9% at 2 years, 45.1% at 3 years, 37.2% 
at 4 years, and 31.9% at 5 years after hepatic resection 
(Fig. 6). 

All of the 12 patients who had had hepatic resection 
for fibrolamellar hepatocellular carcinoma are alive, nine 
patients are free of disease 1-15 years after resection, and 
three patients are living with recurrence 1, 2, and 7 years 
after resection (Fig. 7). One- to 5-year survival rates of 55 
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FIG. 6. There was no difference in actuarial survival rates between 106 
patients with primary hepatic malignancy and 123 patients with secondary 
hepatic malignancy after hepatic resection. 


patients with nonfibrolamellar hepatocellular carcinoma 
were 76.2%, 68.2%, 49.0%, 36.7%, and 25.0%, respectively, 
and those of 14 patients with cholangiocarcinoma were 
78.6%, 48.6%, 39.8%, 39.8%, and 39.8%, respectively 
(Fig. 7). 
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FIG. 7. The survival rate of patients with fibrolamellar hepatocellular 
carcinoma was higher (p < 0.01) than that of patients with nonfibrola- 
mellar hepatocellular carcinoma and with cholangiocarcinoma after he- 
patic resection. 
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TABLE 7. Fate of 16 Patients with Primary Hepatic Malignancies Who 
Lived for 5 Years 


Histology Fibrolamellart HCC  CHC§ Others! Total 
Number 5 5 3 3 16 
Trisegmentectomy 5 3 2 3 13 
Lobectomy 0 2 l 0 3 
Died > 5 years 0 2 l 0 3 
Time of death (year) — 8,8 6 0 -= 
Living > 5 years 5 3 2 3 13 
Survival (years) Bi aoe bite Geg | (16,1646 — 


* Living with recurrence. 

+ Fibrolamellar variant of hepatocellular carcinoma. 

t Nonfibrolamellar hepatocellular carcinoma. 

§ Cholangiocarcinoma. 

l! Hepatoblastoma, leiomyosarcoma, rhabdomyosarcoma. 


The four patients with single hepatic cysts that had ma- 
lignant degeneration in the cyst wall were treated by tri- 
segmentectomies in three cases and local nonanatomical 
resection in one case. The three patients treated with tri- 
segmentectomy died of recurrence of squamous cell cancer 
6, 10, and 16 months after trisegmentectomy. The fourth 
patient, whose solitary cyst contained a small adenocar- 
cinoma, is alive and free of tumor 12 months after local 
excision. 

There were 16 patients who survived more than 5 years 
after hepatic resection for primary hepatic malignancy 
(Table 7). The histologic diagnoses were variable. There 
was an over-representation of trisegmentectomies (13 pa- 
tients of 16), and in the remaining three patients, lobec- 
tomies were performed. Three of the patients died after 
five years, and two additional patients are living with fi- 
brolamellar disease after 6 and 7 years. 


Secondary Hepatic Malignancy 


The overall survival rates of 123 patients with hepatic 
metastasis were 98.3% at 3 months, 95.0% at 6 months, 
84.2% at 1 year, 64.7% at 2 years, 48.9% at 3 years, 38.4% 
at 4 years, and 29.5% at 5 years after hepatic resection 
(Fig. 6). 

The 1- to 5-year survival rates of 90 patients with co- 
lorectal carcinoma were 88.1%, 69.3%, 50.0%, 38.9%, and 
35.8%, respectively (Fig. 3). Those of 33 patients with 
metastases other than colorectal carcinoma were 74.4%, 
53.7%, 45.9%, 37.6%, and 19.9%, respectively (Fig. 8). 
The difference in survival rates between the two groups 
of patients was not significant. | 

Data from 13 patients who have lived for at least 5 
years after resection are summarized in Table 8. Seven 
are known to be alive after 6-14 years, although one has 
experienced recurrence. Two more were lost to follow- 
up, one of whom was free of tumor when, after 8 years, 
he left our care. Long survival was not associated with 
larger resections nearly as often as it was in the primary 
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hepatic malignancies, since only four of these 13 patients 
had been treated with trisegmentectomy. 


Discussion 


This large series of partial hepatectomies was collected 
during a revolutionary period in the history of surgical 
hepatology, a period during which there were three closely 
related basic and clinical developments. First, liver trans- 
plantation changed from a seemingly unrealizable dream 
to a highly practical form of therapy.'©'’ Second, research 
in transplantation stimulated the development of the new 
field of hepatotrophic physiology, which has greatly in- 
creased our understanding of regeneration after partial 
hepatectomy.!® Finally, the techniques and expectations 
of subtotal hepatectomy, as well as the care of patients, 
after such procedures were refined and extended—often 
by transplant surgeons who were trying to define the re- 
lationship between partial hepatectomy and the new pos- 
sibility of total liver excision and replacement!” *?—were 
remarkably improved.'*!°?*4 The extent to which liver 
resection has become part of the modern-day armamen- 
tarium of oncologists is evident from the plethora of series 
reported during the last 25 years. !4!575-33 

As a corollary, attitudes have changed remarkably about 
the utility of partial liver removal. Until approximately 
15 years ago, the mortality that occurred with any of the 
major resections was too great to justify their use if a less 
dangerous, albeit unsatisfactory, alternative was available. 
This point of view can no longer be supported, and in- 
dications for hepatic resections have become far less re- 
strictive for both malignant and benign disease. This was 
particularly well-illustrated in our series in which 44.3% 
of the procedures were performed for benign conditions. 
It was possible to remove giant hemangiomas from 100 
patients without a single death’s occurrence, and to carry 
out 22, 17, and 21 resections for adenomas, FNHs, and 
cystic lesions (including hydatic cysts), respectively, like- 
wise without an occurrence of death. And except for two 
victims of extensive trauma, one patient with an abscess 
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FIG. 8. There was no difference in actuarial survival rates between 90 
patients with colorectal metastasis and 33 patients with other metastases 
after hepatic resection. 


caused by prior iatrogenic injury, and one patient with 
cirrhosis in whom an incorrect diagnosis of hepatoma 
was made, there was no operative mortality in the treat- 
ment of benign lesions. 

Because of the remarkable safety of these treatments, 
it would be easy to have the pendulum swing to the over- 
use of hepatic resection. One possible stimulus of abuse 
of resection technology might be the increasing numbers 
of hepatic mass lesions that are found incidentally by ad- 
vanced imaging methods. Most of these asymptomatic 
lesions are histologically benign, and in past years, would 
have been discovered only at autopsy, if at all. Yet al- 
though imaging has allowed patient screening, it has not 
been effective in defining pathognomonic findings of he- 
patic lesions other than hemangiomas and cysts. Per- 


TABLE 8. Fate of 13 Patients with Hepatic Metastases Who Survived for More than 5-Years after Hepatectomy 





Leiomyosarcoma Adrenal 
Histology Colorectal Carcinoid of Stomach Neuroblastoma Total 
Number 9 2 l l 13 
Trisegmentectomy 2 0 l l 4 
Lobectomy 3 l 0 0 4 
Lateral Segmentectomy 4 l 0 0 5 
Died > 5 years 3 l 0 0 4 
Time of death (years) 6, 7, 8f 8 — — — 
Living > 5 years 4 l l l 7 
Survival (years) 6,* 7, 8, 14 9 15 15 — 
Lost at follow-up (years) 6,* 8 — — — 2 





* Had recurrence when last seen. 


+ Died with myocardial infarction tumor-free. 
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cutaneous needle biopsy often fails to establish a definitive 
diagnosis because of its limited sampling, and the pro- 
cedure can cause serious hemorrhage when unwisely per- 
formed for vascular lesions. 

Our approach to incidental hepatic masses that are less 
than 3 cm in diameter has been close observation and 
repeat ultrasonography or CT scan examination if there 
is no reason to be suspicious of malignancy. Any change 
in the imaging characteristics of the mass or increases in 
its size should be a signal for immediate excision. Large 
incidental tumors, with the possible exception of heman- 
giomas, usually should be excised. 

A case can be made for watching cavernous heman- 
giomas. Spontaneous hemorrhage from these lesions is 
not common.?™8 However, large hemangiomas that are 
completely asymptomatic are uncommon, provided that 
a careful history is taken. Hemangiomas exceeding 10 cm 
in diameter and that have central necrosis can rupture or 
bleed. Two of the 17 patients in this subgroup in our 
series had emergency operations for rupture, and eleven 
others required urgent operations because of an acutely 
enlarging mass with severe pain (Fig. 4). More and more 
frequently, we have come to the conclusion that large size 
alone justifies excision of this type of hemangioma. The 
possibility of an error in diagnosis is one very important 
reason not to be too conservative. Three patients in our 
series who had been believed to have typical imaging 
characteristics of hemangioma before surgery actually had 
malignant tumors; there were two hepatocellular carci- 
nomas and one adrenal carcinoma that directly invaded 
the right lobe of the liver. 

Arguments for conservatism in treating adenomas”? 
would be harder to sustain. The well-known propensity 
of these lesions to rupture, causing life-threatening hem- 
orrhage, was seen in almost half of our 22 patients. Our 
adenoma patient population was heterogenous in that it 
included five males, and several females who had never 
received hormone therapy. FNH, which at one time was 
confused with adenoma,”° could be watched if the diag- 
nosis were absolutely certain, since these lesions rarely 
rupture or bleed.***'*? However, the possibility of a missed 
diagnosis with either adenoma or FNH—even at insti- 
tutions where experienced and skillful pathologists are 
available—can be illustrated by our own experience. One 
of our patients, whose tumor was originally was diagnosed 
as adenoma, developed bone metastases from his hepa- 
tocellular carcinoma two years after right hepatic lobec- 
tomy. The diagnosis of FNH was made on frozen section, 
only to have the final diagnosis of fibrolamellar hepatoma 
made when the full resected specimen could be studied 
later. Some of our patients have had an adenoma and 
FNH in the same liver. 

The problem of missed diagnosis was tragically high- 
lighted in four of our patients who had single hepatic cysts, 
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three of whom had been incorrectly diagnosed and op- 
erated on elsewhere. In these three patients, the cysts had 
been aspirated, and in two of the patients, the cysts had 
been drained through jejunal Roux limbs. Bloustein and 
Silverberg have provided detailed pathologic analysis on 
one such patients. By the time we performed resection, 
the tumors had spread in three of the four patients, who 
died after 6-16 months. The only survivor underwent 
primary local excision and is now tumor-free 12 months 
later. 

Aspiration,“ internal drainage,“ marsupialization,*° 
fenestration,*’ and sclerotherapy‘? have all been recom- 
mended for congenital hepatic cysts. These approaches 
are no longer justifiable for the treatment of single or lo- 
calized multiple cysts that can be resected so safely. The 
same generalization, with some qualifications, might be 
made about hydatid cystic disease. Although our experi- 
ence was limited to five cases only, these patients had had 
multiple previous operations over a period of several years 
at outstanding clinics, in both the United States and 
abroad. Increasingly complex problems had developed, 
such as communication between the dominant cyst and 
the biliary tract and the growth of satellite cysts. Despite 
this, however, it was possible at the end of the therapeutic 
line to excise the cystic disease, although the lobectomies 
were exceptionally difficult. The presence of many adja- 
cent cysts, as well as fistulas, between the dominant cyst 
and the biliary tract in the surgical specimen made it ob- 
vious that a conservative approach with cystectomy would 
have been futile. 

It is unfair to criticize by today’s standards therapeutic 
decisions that were made for the treatment of cystic disease 
of any kind many years ago. This is illustrated by two of 
our own patients with polycystic liver and kidney disease 
who were submitted to right trisegmentectomy and right 
lobectomy in 1979 and 1980, respectively. Both had mas- 
sive hepatomegaly, so extreme in one patient that she was 
no longer able to eat and could be sustained by I.V. hy- 
peralimentation only. Because the islands of solid hepatic 
parenchyma were somewhat better represented in the left 
lateral segment or the left lobe, relief of suffering was 
achieved with the partial hepatectomies. Both women are 
still alive, but both have regrown huge cystic livers and 
may require hepatic transplantation in the near future. If 
confronted with the same problem today that we faced 9 
years ago, hepatic transplantation might be recommended 
as the first, not the last, step, and consideration would be 
given to renal transplantation from the same donor. We 
have already accomplished this in two other patients 
(Fig. 9). 

In management decisions the desirability of examining 
the relationship between subtotal hepatic resection and 
total liver removal and replacement will become even 
more obvious as future strategies to treat patients with 
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primary and secondary malignancies evolve. In our total 
collection of resections for both benign and malignant 
disease, there was a very large percentage of trisegmen- 
tectomies. This reflected the advanced state of the pa- 
thology. In turn, almost all of the mortality that occurred 
after trisegmentectomy was caused either by the malignant 
disease being too extensive to allow safe trisegmentectomy 
or by there being underlying hepatic disease as an addi- 
tional adverse prognostic factor. In some of these patients, 
it was realized too late that the appropriate decision would 
have been liver replacement instead of a futile and lethal 
attempt at trisegmentectomy. 

The results after orthotopic liver transplantation for 
malignant hepatic disease have been discouraging.'”-** 
Although the survival rate for the first half year has been 
very high, late tumor recurrence has plagued these efforts. 
In the past, strong efforts at modern-day adjuvant che- 
motherapy, treatment with biologic adjuvants, and irra- 
diation have not been systematically tried in liver recip- 
ients. Yet liver transplantation can result in the cure of 
hepatic malignancy on more occasions than the isolated 
one that has been reported previously.'”-** As with resec- 
tion,'* the most favorable lesions for transplantation are 
the fibrolamellar hepatomas, and in addition, epithelioid 
hemangioendothelial sarcomas have had apparent “cures” 
in about a half of the cases.”’ Even in highly selected cases 
of metastatic liver disease, significant palliation has been 
accomplished, and there is now also the prospect of long 
survival in a tumor-free state.'”* 

In the past, we have commented that no surgeon should 
surgically explore a hepatic mass without having the com- 
petence to perform all of the major resections, including 
the trisegmentectomies.*’ The day may have already ar- 
rived when liver replacement under strictly defined cir- 
cumstances should also be part of the obligatory arma- 
mentarium. 

Lest these remarks be misunderstood, it may be ap- 
propriate to conclude by pointing out that, in addition to 
demonstrating how safely hepatic resection can be per- 
formed, our observations have also shown that the real 
key to reliable treatment of malignant disease will be non- 
surgical. Although the yield from an enormous amount 
of work was substantial in our patients, tumor recurrence 
was the rule, not the exception. To prevent recurrences, 
host-tumor relationships will have to be changed. This 
possibility has been illustrated by experiences—both re- 
cent and long ago—with “lymphomatosis” in liver, stom- 
ach, small intestine, large bowel, and thoracic organs of 
transplant recipients. These Epstein-Barr virus-related tu- 
mors can necrose completely with discontinuance of im- 
munosuppression and re-emergence of host immune re- 
sponsiveness.°!~>? 

Twenty-five years from now, the most important and 
practical application of the resectional techniques may be 
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FIG. 9. Polycystic disease of the liver. 


in the treatment of benign disease or for the treatment of 
mechanical complications from necrosis of malignant le- 
sions caused by biologic or chemical therapy. 


References 


1. Keen WW. Report of a case of resection of the liver for the removal 
of a neoplasm, with a table of seventy-six cases of resection of 
the liver for hepatic tumors. Ann Surg 1899; 30:267-283. 

2. Elias H, Petty D. Gross anatomy of the blood vessels and ducts 
within the human liver. Am J Anat 1952; 90:59-111. 

3. Healey JE Jr. Clinical anatomic aspects of radical hepatic surgery. 
J Int Coll Surgeons 1954; 22:542-550. 

4. Healey JE Jr, Schray PC. Anatomy of the biliary ducts within the 
human liver. Arch Surg 1953; 66:599-610. 

5. Hjortsjo CH. The topography of the intrahepatic duct systems. Acta 
Anat 1950-1951; 2(suppl 14—15):599-615. 

6. Goldsmith NA, Woodburne RT. The surgical anatomy pertaining 
to liver resection. Surg Gynecol Obstet 1957; 105:310-318. 

7. Couinaud C. Le hepatectomies elargies. Jn Le foie: Etudes anato- 
miques et chirurgicales. Paris: Masson, 1957; 400-409. 

8. Starzl TE, Bell RH, Beart RW, Putnam CW. Hepatic trisegmentec- 
tomy and other liver resections. Surg Gynecol Obstet 1975; 141: 
429-437. 

9. Starzl TE, Koep JL, Weil R III, et al. Right trisegmentectomy for 
hepatic neoplasms. Surg Gynecol Obstet 1980; 150:208-214. 

10. Starzl TE, Iwatsuki S, Shaw BW Jr, et al. Left hepatic trisegmen- 
tectomy. Surg Gynecol Obstet 1982; 155:21-27. 

11. Starzl TE, Koep LJ, Weil R III, et al. Excisional treatment of cav- 
ernous hemangioma of the liver. Ann Surg 1980; 192:25-27. 

12. Starzl TE, Iwatsuki S, Shaw BW Jr, et al. Treatment of fibrolamellar 
hepatoma with partial or total hepatectomy and transplantation 
of the liver. Surg Gynecol Obstet 1986; 162:145-148. 

13. Weil R III, Koep LJ, Starzl TE. Liver resection for hepatic adenoma. 
Arch Surg 1979; 114:178-180. 

14. Iwatsuki S, Shaw BW Jr, Starzl TE. Experience with 150 liver re- 
sections. Ann Surg 1983; 197:247-253. 

15. Iwatsuki S, Esquivel CO, Gordon RD, Starzl TE. Liver resection 
for metastatic colorectal cancer. Surgery 1986; 100:804-8 10. 

16. Starzl TE, Iwatsuki S, Van Thiel DH, et al. Evolution of liver trans- 
plantation. Hepatology 1982; 2:614-636. 

17. Iwatsuki S, Starzl TE, Todo S, et al. Experience in 1,000 liver trans- 
plants under cyclosporine-steroid therapy: a survival report. 
Transplant Proc 1988; 20:498-504. 

18. Starzl TE, Terblanche J. Hepatotrophic substances. Prog Liver Dis 
1979; 6:135-152. 


= = «= yw 


TFT Te pe 


A a i i n 


432 IWATSUKI AND STARZL 


19. Starzl TE (with the assistance of CW Putnam). Experience in Hepatic 
Transplantation. Philadelphia: WB Saunders, 1969. 

20. Iwatsuki S, Gordon RD, Shaw BW Jr, Starzl TE. Role of liver trans- 
plantation in cancer therapy. Ann Surg 1985; 202:401-407. 

21. Pichlmayr R. Is there a place for liver grafting for malignancy? 
Transplant Proc 1988; 20(suppl 1|):478-482. 

22. O’Grady JA, Polson RJ, Rolles K, et al. Liver transplantation for 
malignant disease. Results in 93 consecutive patients. Ann Surg 
1988; 207:373-379. 

23. Raven RW. Partial hepatectomy. Br J Surg 1949; 36:397-401. 

24. Lortat-Jacob JL, Robert HG. Hepatectomie droite reglee: Presse 
Med 1952; 60:549-551. 

25. Adson MA, Weiland LH. Resection of primary solid hepatic tumors. 
Am J Surg 1981; 141:18-21. 

26. Adson MA, Van Heerden JA, Adson MH, et al. Resection of hepatic 
metastases from colorectal cancer. Arch Surg 1984; 119:647- 
651. 

27. Fortner JG, MacLean BJ, Kim DK, et al. The seventies’ evolution 
in liver surgery for cancer. Cancer 1981; 47:2162-2166. 

28. Fortner JG, Silva JS, Golbey RB, et al. Multivariate analysis of a 
personal series of 247 consecutive patients with liver metastases 
from colorectal cancer. I. Treatment by hepatic resection. Ann 
Surg 1984; 199:306-316. 

29. Lin TY, Chen KM, Chen CC. Role of surgery in the treatment of 
primary carcinoma of the liver: A 21-year experience. Br J Surg 
1987; 74:839-842. 

30. Longmire WP Jr, Trout HH III, Greenfield J, Tompkins RK. Elective 
hepatic surgery. Ann Surg 1974; 179:712-721. 

31. Logan SE, Meier SJ, Ramming KP, et al. Arch Surg 1982; 117:25- 
28. 

32. Ekberg H, Tranberg KG, Anderson R, et al. Determinant of survival 
in liver resection for colorectal secondaries. Br J Surg 1986; 73: 
727-731. 

33. Hughes KS, Simon R, Songhorabodi S, et al. Resection of the liver 
for colorectal carcinoma metastases: a multi-institutional study 
of patterns of recurrence. Surgery 1986; 100:278-284. 

34. Knowles DM II, Casarella WJ, Johnson PM, Wolff M. The clinical, 
radiologic, and pathologic characterization of benign hepatic 
neoplasm. Medicine 1978; 57:223-237. 

35. Kerlin P, Davis GL, McGill DB, et al. Hepatic adenoma and focal 
modular hyperplasia: clinical, pathologic, and radiologic features. 
Gastroenterology 1983; 84:994-1002. 

36. Bornman PC, Terblanche J, Blumgart RL, et al. Giant hepatic he- 
mangiomas: diagnostic and therapeutic dilemmas. Surgery 1987; 
101:445-449, 


DISCUSSION 


Dr. WILLIAM P. LONGMIRE, JR. (Los Angeles, California): This review 
of 411 hepatic resections by Dr. Iwatsuki and Dr. Starzl provides us with 
a complete analysis of the state of the art of liver resection today. The 
conditions for which resection may be indicated, some common appli- 
cations, and the results that can be achieved by the masters of the art 
give something for the rest of us to strive to achieve. 

In their brief historical introduction, Drs. Iwatsuki and Starzl point 
out that it was only after the precise segmental anatomy of the liver was 
appreciated that resectional liver surgery began to develop. (Slide) This 
calls to mind one of the first liver resections that Bill Scott and I reported, 
almost half a century ago, which was a successfully resected hepatic ad- 
enoma that we described as arising in the right and left lobes as it straddled 
the suspensory ligament of the liver. 

It was only after reviewing our article some years later that I discovered 
that Leon Schlossberg, the medical artist, had provided for posterity 
evidence of our error; he had seen and had drawn the gallbladder on the 
right side of the tumor, indicating that our tumor actually lay entirely 
within the left lobe of the liver. 

The authors also commented on the remarkable change in attitude 
towards liver resection that has occurred during the past two decades, 
and which is illustrated in the accumulation of their series. 
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As was pointed out, from 1964 to 1970, only six resections were per- 
formed. Four were for benign disease and two for malignant disease, 
and this has risen exponentially to 78 resections last year alone. 

In our first report of liver resection in 1961, there were nine cases, 
one with death. These numbers had increased by 1983, at the time of 
the last report from our department by Hillary Thompson, to 138 re- 
sections with a 30-day mortality of 10%. 

A word of caution should probably be expressed, however, as we enter 
into this era of “safe hepatic surgery.” Care should be exercised to see 
that resection is not overused for lesions that could be treated by lesser 
operations. I think many of us would agree that there was a period 15 
or 20 years ago when formal hepatic lobectomy was overused in the 
management of hepatic trauma and that lesser procedures proved more 
reliable. 

Another subject that is brought up in their discussion pertains to the 
question of when transplantation should be used for some conditions 
(for example, sclerosing cholangitis, Caroli’s disease, polycystic disease, 
and possibly ductal carcinoma) that are currently treated largely by lesser 
surgical procedures. The palliative procedures that are now used often 
make subsequent transplantation much more difficult and, in some cases 
involving multiple operations, impossible. 

As transplantation proves more and more reliable and durable, the 
selection of the best method of treatment becomes more difficult. I feel 





Vol. 208 * No. 4 


quite confident that this review presented today and the recommendations 
made in the manuscript will help to formulate proper courses of action 
for the future. I know that in dealing with Dr. Busuttil’s very active 
transplant program, this question arises not infrequently in some of the 
conditions that I have mentioned. 

Our compliments once again to the authors for presenting us with the 
facts and figures of hepatic surgery of their monumental work of the past 
23 years. 


DR. MARTIN A. ADSON (Rochester, Minnesota): I am pleased to have 
been asked to discuss this report, but wish that Doctor Iwatsuki had let 
me see the manuscript before last night. The use of six categories of 
resection for management of twelve very different pathologic entities 
cannot be discussed in 3 minutes—and a thoughtful review of such ex- 
tensive experience involves more considerations than I was able to think 
through while sleeping overnight. 

Doctor Iwatsuki, I did enjoy your presentation, with its pleasant humor, 
very much; and just as did the acrobatic lady patient shown on your last 
slide, you landed on your feet and landed well. 

This report demonstrates the feasibility of safe major hepatic resections 
and reminds us of how much these men have contributed to the anatomic 
basis of safe resectional surgery of the liver. 

I do agree with most of what the authors have said, but I also believe 
that our views about the role of resectional surgery in the management 
of some malignancies and some benign tumors may differ philosophically. 

My experience involves similar numbers of patients, but differs in two 
significant ways. First, I have used extended resections (particularly left 
trisegmentectomy) less often than the authors have. Second, a lesser 
proportion of resections that I have performed have involved benign 
disease. Instead, of about one third of the trisegmentectomies, such op- 
erations comprise about one sixth of my practice; and instead of 45% of 
my resections having been performed for benign disease, only about one 
fourth of the resections I have performed have involved benign disease. 

I believe that these differences relate to my concern about the limi- 
tations of anatomic solutions to the problems of cancer that are chiefly 
biological. Also, I have been impressed by the role of the natural history 
of benign disease. 

I am not sure that our attitudes differ so much, and the differences 
may have something to do with patterns of referral. Still, I think there 
is a fundamental difference between what can be done and what should 
be done. Doctor Bahnson observed in his Presidential Address that what 
we don’t do may be as important as what we do, and Doctor Longmire 
just referred to the difficulty of decisions that come with technologic 
change. Years ago, Einstein said that perfection of tools and confusion 
of goals are characteristics of our time; and the situation has not become 
much better since he first said this. 

Although I cannot ask many of the questions that I have about each 
specific diesease, there are two questions that I have selected. The first 
regards the role of left trisegmentectomy in the management of malignant 
tumors of the liver. The risk of this procedure (even in your hands) is 
12%, and half of the patients with malignancies treated with such resec- 
tions have been observed less than 5 years. Therefore, bearing in mind 
the great possibility of limited resectional margins, I wonder about the 
risk-benefit equation. Do you believe that it is truly justified, or are you 
reserving your opinion until you learn more about long-term survival? 

My second question concerns the natural history of benign tumors. I 
think that 90% of cysts, focal nodular hyperplasia, and cavernous hem- 
angiomas can be safely observed. Decisions regarding whether or not to 
perform operation are difficult only approximately 5% of the time. The 
question is: which benign tumors can be safely observed? I am concerned 
about the half of your resections performed for focal nodular hyperplasia 
that were very major, and would like to know how such resections can 
be justified. 

I am impressed by your record of safety in the conduct of major hepatic 
resections. However, I do think that progress also involves knowledge 
of the true indications for surgery. I hope that the problems of cancer 
will yield to biological solutions in the future, but even then, we will still 
need to know more about the natural history of benign disease. 


DR. LEON PACHTER (New York, New York): By virtue of a 3% mor- 
tality in 400 cases of hepatic resection, the paper presented by Dr. Iwat- 
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suki and Dr. Starzl will no doubt be regarded as a classic in the annals 
of hepatic surgery. 

The majority of hepatic resections in the United States are, for the 
most part, performed with preliminary hilar and hepatic vein dissection 
and ligation followed by parenchymal resection. 

At New York University, the institutional experience with this tech- 
nique, as performed by Drs. Localio, Ranson, Eng, and Coppa in 45 
patients who had colorectal matastasis to the liver, yielded a 4% mortality, 
not unlike the experience at Pittsburgh. 

(Slide) But in a recent group of 15 additional patients, ten of whom 
underwent surgery for colorectal metastasis and five for primary lesions, 
a different technique was used. This is the method that I have used over 
the past 12 years in 65 patients with severe complex hepatic trauma 
requiring inflow occlusion. As you can see here, this was accomplished 
with a mean cross clamp time of 42 minutes, with a range of 28 to 65 
minutes. Three of the 15 patients were cross clamped for more than | 
hour. The technique consisted of hepatocyte protection by topical hy- 
pothermia and steroids, coupled with prolonged inflow occlusion and 
resection by the finger-fracture technique of Professor Linn of Taiwan. 
The mean blood loss here was 100 cc. (Slide) There were no cases of 
hepatic necrosis. Liver function tests all returned to normal at the time 
of discharge, and although there was one abscess, there were no deaths. 

The maximum time that liver can withstand normothermic or hy- 
perthermic ischemia is presently unknown, but reports from France by 
Huger and Starzl as well as from others in the United States clearly prove 
that the 15-20 minutes so frequently cited as the maximum time is 
clearly a myth. 

I would like to ask the authors if they have had any experience with 
normothermic or hyperthermic ischemia for elective hepatic resections. 
I would also like to ask them, what was their mean resection time? What 
was their mean blood loss and what precautions, if any, were used in 
dealing with the cirrhotic liver? 

I enjoyed this paper very much and I feel that the results achieved by 
the authors have set the standard for all of us to emulate. 


DR. WILLIAM V. MCDERMOTT, JR. (Boston, Massachusetts): It was 
a pleasure to read this impressive series before the presentation, but until 
I had seen the photographs Dr. Iwatsuki has provided, I had not realized 
how beautifully he had selected the cases. 

I don’t believe we can match his series in either volume or quality. 
Over 15 years, our total series of hepatic resections for malignant disease 
involved approximately 200 patients, but I will discuss only two subsets 
that could be compared to the series that Dr. Iwatsuki has just presented. 
The overall mortality of less than 4% is similar for both series. 1 would 
like to comment further on two categories only: 31 primary hepatocellular 
carcinomas and 76 metachronous cancers from colonic origin. Metastases 
from other primaries are not included. 

Our data and conclusions are very similar to those you have just heard 
in the excellent report of Drs. Iwatsuki and Starzl. From the group of 
76 patients with metachronous metastases, we can present some infor- 
mation that I think emphasizes the relative degree of success of this 
procedure in treating patients with otherwise incurable disease. 

In terms of follow-up, in our group the median survivals were as follows: 
in Duke’s B, those living free of disease, there were 25 total cases, and 
in Duke’s C, there were 21 cases; the actuarial 5-year survival in the 
Duke’s B group was 65%, and that of the Duke’s C group was 46%. 

We looked at the disease-free interval to see what effect this might 
have on the prognosis. When the interval was less than | year, there was 
a 56% actuarial death rate with a median survival of 10 months, whereas 
when the interval was greater than 4 years, the actuarial death rate had 
dropped down to 25%, leaving us with an overall actuarial survival of 
46% for the entire group. The median survival increased steadily with 
the interval to 24 months when the interval were 2-4 years, and to 44 
months when the interval was more than 4 years. 

The number of metastases in our series was significant. Eighty per 
cent of those patients with more than three metastases died of disease 
before 5 years. 

Comparing Dr. Iwatsuki’s series with our own, we mentioned their 
similarity and the mortality. In the primary group, there were 101 primary 
hepatocellular cancers compared with our 31; their secondary group in- 
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cluded 118 cases of metachronous cancers compared with 76 in our 
group. 

The actuarial survival rate of our primary group was 57% for 5 years; 
their series recorded an actuarial survival rate of 88% for 1 year, 62% 
for 3 years, and 43% for 5 years. In the group with secondary metastases, 
65% and 45% of the patients were alive and free of disease at 3 and 5 
years, respectively, in comparison with the figures presented by Dr. Iwat- 
suki of 46% at 3 years and 31% at 5 years. Those are really very excellent 
results if you think of what the disease would otherwise imply. 

Our tentative conclusions are that, in selected cases of primary and 
secondary cancer of the liver, resection is thoroughly justified and is 
indicated by the low mortality rates (less than 5%) and the 5-year actuarial 
survival of 46% in the secondary and 57% in the primary cancers. Also, 
resection for primary cancer in cirrhotics is indicated only in carefully 
selected patients because it is in this particular subset that the heaviest 
mortality will occur and perhaps negate extensive efforts at resection. 
Finally, the best results (46% at 5 years in metastatic cancers from the 
colon) will occur in patients having less than 3 metastases, margins greater 
than | cm, an original primary that was a Duke’s B classification, and 
an interval greater than 3 years. 

This does not preclude operating on other patients who do not meet 
these stringent criteria, but I present this criteria only to indicate that 
this is the gold standard. If one deviates, the overall survival will obviously 
drop; nevertheless, with thoughtful selection, this is not an absolutely 
rigid point of departure. 

With respect to chromosomal analyses—that is. ploidy—I do not think 
that it is yet at the stage where this technique can be used in a predictive 
way. 

I certainly enjoyed this extensive series. It was very impressive, and 
the results were superb, as you have seen. 


DR. PAUL H. SUGARBAKER (Atlanta, Georgia): About 3 years ago at 
the NIH, Kevin Hughes and I collected retrospective data on approxi- 
mately 850 patients with resected hepatic metastases from large bowel 
cancer. To be eligible for this study, the patient had to survive a potentially 
curative hepatic resection from large bowel cancer. We have the Mayo 
Clinic, Sloan-Kettering, the University of Connecticut, and many other 
groups to thank for our large body of data (850 patients). We analyzed 
the data for prognostic factors and patterns of failure, and then intensively 
studied those patients who survived long-term. 

I was surprised by our data regarding prognostic factors, and some of 
my comments will parallel those of Dr. McDermott. Several factors sig- 
nificantly reduced but did not abrogate survival. Patients with multiple 
as opposed to solitary metastases did somewhat worse, but not that much 
worse than the patients with solitary metastases. Positive margin patients 
did more poorly, yet a good number survived. Some patients with ex- 
trahepatic disease, either in the lungs or elsewhere in the abdomen, that 
was resected at the time of the removal of hepatic tumor survived long- 
term and were disease-free. A short free interval was a relative but not 
absolute contraindication to resection. The only clinical feature that we 
found to be an absolute contraindication to hepatic resection for met- 
astatic disease was the presence of the disease in the lymph nodes draining 
the hepatic metastases. The phenomenon I call “mets from mets.” 
Therefore I would like to ask our presentor: do you have any absolute 
contraindications to the resection of metastases from the liver? 

My second question comes from my own rather discouraging expe- 
rience with either right or left trisegmentectomy in the aged patient. | 
have found that, with the trisegmentectomy procedure, some patients 
(even though their blood loss was just a few cubic centimeters, as noted 
in the operative report) sometimes die of liver failure. And so my question 
is this: do you have an age cut-off when you are performing a triseg- 
mentectomy procedure? 

I have a third question: would you go back a second time to remove 
further hepatic disease? We have anecdotal experience with nine patients 
who had a second hepatic resection. One of them died after surgery of 
a myocardial infarction. Eight are doing well long-term after a re-resection 
of liver metastases months or years after the first hepatic resection. What 
is your position on this? 
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DR. JOHN S. NAJARIAN (Minneapolis, Minnesota): I, too, rise to con- 
gratulate the authors on an outstanding paper, indeed, probably a seminal 
paper in the area of hepatic resection. In an active hepatic transplant 
program, one is fortunate to see patients like these who may benefit from 
hepatic resection. Trisegmentectomy, as we currently practice it, was 
actually defined by Iwatsuki and Starzl in the two papers they previously 
published on this technique. 

I have one question concerning a very favorable lesion—namely, the 
metastatic lesion of colonic carcinoma. Certainly the results are out- 
standing: from a 30 to 40% 5-year survival, depending on the series you 
see. Have you had an opportunity to take some of these patients who 
have had metastases from a colonic carcinoma that is bilobar, and proceed 
with hepatic transplantation after total hepatectomy? 

It would seem that such patients would be the ideal group for this 
type of therapy. I know you have had some experience in this area. We 
would like to hear what results you have achieved. 


DR. SHUNZABURO IWATSUKI (Closing discussion): First of all I would 
like to thank all of the discussants for their nice comments and for bringing 
up some information that I could not deliver today because of the time 
limitation. 

I would like to answer as many of the questions as I can remember. 
Dr. Najarian asked us if we have done liver transplantation for metastases, 
particularly from the colon. Yes, we have done liver transplantation for 
metastases, but not yet for colonic cancer. We are looking for some good 
candidates with colonic cancer metastases of minimally aggressive bio- 
logical behavior. We have not yet found an ideal candidate. However, 
in Europe some cases were treated with liver transplantation, although 
the results are not good. One of the reasons for poor results is that there 
is no effective chemotherapy or biological therapy for colon cancer. 

The second question is from Dr. Sugarbaker. He asked me the absolute 
contraindications for resection. 

Our general approach is that if we can make a clinically disease-free 
status by performing a partial hepatectomy and additional resections of 
lymph nodes, diaphragm, or lung, we do so. I don’t believe the term 
“absolute” is quite right. The prognosis is poor if you treat advanced 
stages of the disease. However, as we mentioned, there was no operative 
death from any liver resections for metastases. Therefore, I believe that 
we are justified in approaching metastatic liver diseases with aggressive 
surgery. We do not have any age limit for resectional therapy of metastatic 
tumors. We go back for second resections if the first resection is less than 
trisetectomy, and the lesion can be excised completely by smaller resec- 
tions. 

Someone asked me about inflow occlusion with the Pringle maneuver. 
We use the Pringle maneuver for left trisegmentectomy almost routinely. 
The reason for this is that after trisegmentectomy the cut surface is very 
large, and hemostasis is rather difficult. We can cross clamp inflow for 
up to 2-3 hours without any fatal results. However, for small restrictions 
such as right or left lobectomy, it is not necessary to block the inflow. 
In other words, blood loss for lobectomy for metastasis is probably one 
or two units or less. 

(Slide) Answering Dr. Adson’s questions, this is an hemangioma that 
we usually see. This is central necrosis, and the patient complained of 
pain and fever. I believe it is wrong to observe this patient without offering 
surgery. Of course, we do not remove hemangiomas or cysts in asymp- 
tomatic patients if the diagnosis is certain and there is no reason to 
suspect malignancy. 

(Slide) This is a patient with polycystic liver disease. This patient re- 
ceived hyperalimentation because the stomach was compressed and she 
experienced early satiety. She required continuous narcotic therapy for 
pain. 

(Slide) This is a patient with an hepatoma treated by right trisegmen- 
tectomy. 

(Slide) This huge region cannot be treated by a left lobectomy alone. 
You can see a part of the right hepatic vein here. In order to obtain a 
tumor-free margin, we had to perform a left trisegmentectomy. 
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All surgical gloves are sterile. That's a fact. 
But, the truth is that most gloves must be 
“scrubbed” or wiped thoroughly before 
surgery. The reasons? Actually, there is only 
one reason. Powder. 

Whether used on the inside or outside 
surface, talc, starch, silica or other powders 
are linked to a variety of complications: 
granulomatous reactions, peritonitis, adhe- 
sions and increased incidence of infection in 
the patient and dermatitis for the physician 
and nurse. Powders also contaminate OR 
equipment, sutures, microscope lenses and 
test procedures. 


The only way to eliminate powder- 
related problems is to eliminate powder. 
While some powders are the residue of the 
manufacturing process, most gloves require 
powder as a donning lubricant. And, powders 
can leak from the interior through perfora- 
tions and tears, can 
spill from the cuff or 
escape during a 
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SEM (1000X) of surface of com- gets On the glove, 
mercially available glove show- before surgery it 
ing cornstarch particles and a d 
surface perforation. must be removed. 


glove change. Regard- 


Methods used to remove powder can 
actually introduce new particulates or 
may compromise sterility. And, routine 
glove scrub methods can leave residual 
powder clinging to the glove surface. 





Before scrub: SEM (1000X) of 
surface of commercially avail- 
able glove employing 
cornstarch. 


After scrub: SEM (1000X) of 
same brand glove following 
30-40 second warm water 
scrub followed by wipe with a 
lint-free towel. SEM shows 
residual cornstarch particles 
on the surface. 


So, considering the potential risks, why use 
powder at all? 


Now there is PRISTINE;* the powder-free 
surgical glove. With a patented, friction-resis- 
tant inner surface, donning is smooth and 
simple. And, with no powders, talcs, starches, 
silicas or donning lubricants of any kind, using 
PRISTINE means no glove scrub, powder 
dermatitis or powder-related post-op 
complications. 

PRISTINE’ pure latex construction is durable 
yet thin enough to give you the tactile 
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sensitivity you need 
for handling the most 
delicate instruments. 
And, the texturized 





exterior ensures 

maximum control. Surface of a PRISTII 
` free surgical glove. . 
50, for a fr ce shows no foreign bc 

sample of PRISTINE '3te contamination 


gloves, mail the coupon below. To orde 
for more information, contact World Me 
Supply, (800) 545-5475, in CA (800) 547 
Try PRISTINE and discover the glove 
missing only one thing—powder. 


PRISTINE: The Surgeon’s Glove. 
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4340 Stevens Creek Boulevard, Suite 1 
San Jose, California 95129 (408) 985-8! 
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sometimes the most difficult places 
need the most beautiful results. 
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Using a skin stapler that best compleme: 
your surgical skill can make a difference in 
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your “signature? >a 
The Weck 360LX° 4 
rotating-head skin stapler i 
from Weck Surgical 
provides exceptional 
staple visibility for 
precise staple place- 
ment and excellent 
cosmetic results. 
And by rotating 
the head to the desired 
position, stapling can be done quickly and 
comfortably, even in the most difficult places 
For an evaluation, write us at the address 
below or contact your Weck Surgical represe: 
tative. You'll appreciate the difference. And so 
will your patients. 


Perfection In A Surgeon’s Hand: weck 
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Resurrection of the Jn Situ Saphenous Vein Bypass 


1000 Cases Later 





ROBERT P. LEATHER, M.D., DHIRAJ M. SHAH, M.D., BENJAMIN B. CHANG, M.D., and JEFFREY L. KAUFMAN, M.D. 


Distal bypasses for the terminal stages of atherosclerotic occlu- 
sive disease manifest by chronic limb-threatening ischemia are 
among the most challenging arterial reconstructive procedures 
of surgeons today. The length and low flow rates of distal by- 
passes often exceed the functional limits of synthetic and even 
free vein grafts. However, the saphenous vein, when used in situ, 
provides a unique, viable, physiologically active, and hence anti- 
thrombogenic endothelial flow surface that is ideally suited for 
such bypasses. This paper presents the experience of the Albany 
Medical Center Hospital with the first 1000 in situ bypasses 
performed by the valve incision method over a 12-year period. 
Limb-threatening ischemia was the most common indication for 
surgery (91%). An in situ bypass was attempted in over 95% of 
unselected limbs and were completed in situ and in toto in 94%. 
66% of the bypasses were carried out to the infrapopliteal level, 
and in more than 50% of the limbs, the distal vein diameter was 
<3.5 mm. The 30-day patency rate was 95%, and the cumulative 
patency rates, by life table analysis at 1, 2, 3, 4, and 5 years, 
were 90%, 86%, 84%, 80%, and 76%, respectively. The vein 
diameter, specific outflow vessel, level of distal anastomosis 
(length of bypass), inguinal inflow source used, and instrumental 
evolution had no significant effect on immediate or long-term 
bypass performance. 


ISTAL LOWER EXTREMITY BYPASSES for the 
D terminal stages of atherosclerotic occlusive dis- 

ease as manifest by limb-threatening ischemia 
are among the most challenging arterial reconstructive 
procedures of vascular surgeons today. The early success 
of such bypasses is highly dependent on technique, and 
their durability may be a function of many other factors, 
including diameter and length of vein, inflow source, and 
the outflow capacity (run-off). The low flow rates observed 
in many of these conduits only serve to magnify the im- 
portance of these factors, which often conspire to exceed 
the functional limits of synthetic and even long free vein 
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grafts. When a vein is excised, prepared ex vivo, and reim- 
planted as an arterial graft, it is subject to the cumulative 
injurious effects of surgical manipulation,’ endothelial 
exposure to warm ischemia and nonphysiologic solutions,” 
uncontrolled hydrostatic dilatation,’ and the interruption 
of the vaso vasora.* By contrast, arterialization of the sa- 
phenous vein in situ avoids these potential bypass threat- 
ening traumata, save for the short mobilized extremities 
of the conduit. The saphenous vein, when arterialized in 
situ, provides a viable, physiologically active, and hence 
antithrombogenic endothelial flow surface that is ideally 
suited for such long low flow reconstructions. Our pre- 
vious reports have dealt with the re-evaluation of this pro- 
cedure, with the concept of producing valvular incom- 
petence by axial incision (thereby bisecting the leaflets of 
the bicuspid venous valve), the evolution of instruments 
to accomplish this atraumatically,° and the results of the 
initial application of a standardized technique to bypasses 
performed primarily for limb salvage, focusing on the tib- 
ial vessels.” These earlier studies form the prelude that 
has lead to this report. 

The data accumulated in over 1000 cases are critically 
analyzed to determine the influence of the changes in 
technique as they coincide with the evolution of instru- 
mentation, the experience of the operating surgeons with 
the procedure, the level of the distal anastomosis (length 
of bypass), the inflow source used, and the minimum di- 
ameter of the vein upon bypass performance. In addition, 
pertinent observations regarding critical elements of the 
technique will be correlated with these analyses. 


Materials and Methods 


From January 1975 to December 1987, 1038 in situ 
saphenous vein femoral to distal bypasses were performed 
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ARTERIAL BYPASS 

Indications 

Claudication 30 
Microembolic 20 

Trauma 27 

Aneurysm 11 

Salvage 912 | 91% 


FIG. 1. Indications for in situ bypass. 


at Albany Medical Center Hospital by the valve incision 
technique. The technique used has evolved with the de- 
velopment of instruments to produce valvular incompe- 
tence by valve incision. Since the time of the initial studies 
of intraluminal valve cutter (1981), the basic elements of 
the technique have remained constant, with the most re- 
cent of the studies containing the latest details.’ In brief, 
the proximal saphenous vein, superficial femoral artery, 
and profunda femoris are exposed from their medial as- 
pect, avoiding the lymphatic-bearing tissue. The inflow 
source is determined, thus dictating the length of proximal 
vein required. The proximal vein is then separated from 
the common femoral vein, and the proximal valves are 
divided with scissors after a branch of the vein below the 
knee is identified. A 1-mm embolectomy catheter is then 
introduced through this branch and passed proximally 
out through the proximal divided end of the vein. The 
catheter is divided, and the cutter and following irrigating 
catheter are secured to it. These are drawn distally with 
dextran solution or heparinized blood at 200-300 mm of 
mercury (infused via the attached irrigating catheter) to 
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FIG. 2. Primary and secondary patency for entire series. 
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float the cutter and present a functionally closed valve for 
the blades to engage and with which to bisect the leaflet. 
The use of this cutter is confined to the thigh portion of 
the vein. Provided that it is free-floating, the cutter is ad- 
vanced to the knee level, then is withdrawn and removed 
from the embolectomy catheter, and the catheter is with- 
drawn from the vein. The proximal anastomosis is per- 
formed, and arterial flow is introduced in the saphenous 
vein, with the resultant palpable pulsations causing the 
location of the next competent valve to be readily appar- 
ent. The site of distal anastomosis is identified, thus dic- 
tating the length of distal mobilized segment, and the re- 
maining valves are divided with a retrograde valvulotome. 
Before construction of the distal anastomosis, the absence 
of a flow-limiting lesion in the bypass conduit is best de- 
termined by observation of free flow through the distal 
divided end of the arterialized in situ vein. The distal 
anastomosis is then constructed, the bypass opened, and 
flow determined by sterile Doppler. Completion angiog- 
raphy is then performed to identify residual A-V fistulae. 
Only those fistulae with sufficient flow to result in visu- 
alization of the deep venous system are controlled. The 
magnitude residual fistula flow is confirmed by Doppler, 
and the completion angiogram is scrutinized for any tech- 
nical imperfections. The outside diameter (OD) of the 
arterialized vein is then measured with a sterile vernier 
caliper. 

Bypass patency was personally assessed by one of the 
authors every 2-3 months during the first year of the 
treatment and at 6-month intervals thereafter, using a 
combination of hand-held Doppler examination, seg- 
mental pressures, plethysmography, and, later in this se- 
ries, duplex ultrasonographic studies. Data was analyzed 
and compared with regard to the inflow sources (i.e. com- 
mon femoral, profunda, and superficial femoral) and the 
distal outflow tract, (i.e. above-knee popliteal, below-knee 
popliteal, peroneal, anterior tibial, posterior tibial, and 
dorsalis pedis arteries). In this latter comparison, each 
tibial vessel was further divided into a “distal” (within 10 
cm of the medial malleolus) and a “proximal” segment. 
The effect of the differences in operative methodologies— 
specifically the difference between the use of the “closed” 
method, in which the intraluminal cutter in the thigh seg- 
ment of the vein is used, and that of the “open” method, 
which uses the retrograde valvulotome and scissors—was 
also assessed. Finally, patency data for distal arterialized 
vein diameters equal to or greater than 3.5 mm were 
compared with patency for veins equal to or less than 
3 mm. 


r 


Results 


The rate of operative mortality within 30 days was 6.7%. 
As presented in Figure 1, the most common indication 
for surgery was limb salvage (91%). Of all patients pre- 
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Fic. 3. Sites of distal anastomosis. 


senting with limb-threatening ischemia and a patent seg- 
ment of distal artery in the absence of previous stripping, 
ligation, or harvest of the ipsilateral greater saphenous 
vein, in situ bypass was attempted in more than 95%. 
These patients had sufficient continuous greater saphe- 
nous vein, as demonstrated before the bypass by either 
venography, clinical examination, or duplex scanning. In 
94% of these patients, the bypass was completed entirely 
in situ. The cumulative patency of all bypasses up to 5 
years is shown in Figure 2. The majority of the bypasses 
were anastomosed to infrapopliteal vessels, as shown in 
Figure 3. Table 1 compares the patency rates of bypasses 
as they pertain to each tibial vessel. There was no signif- 
icant difference between these groups. Table 2 compares 
patency rates for bypasses as they pertain to the below- 
knee segment of the popliteal artery, proximal tibial ar- 
teries, and distal tibial arteries (distal anastomoses within 
10 cm of the medial malleolus). Again, there was no sta- 
tistically significant difference between any of these groups 
at any measured interval. After arterialization, over 50% 
of the bypasses had a distal external vein diameter equal 
to or less than 3.5 mm. The patency rate of bypasses equal 
to or greater than 3.5 mm diameter was not significantly 
different from patency rate of bypasses of less than or 
equal to 3.0 mm in external diameter (Table 3). Using 
the Cox statistical analysis with p < 0.05, the difference 
at 5 years was not statistically significant. Table 4 dem- 
onstrates the patency rates of bypasses originating from 
the common femoral, profunda femoris, and superficial 


femoral arteries, and demonstrates that these inflow 


sources perform equally well. Finally, Table 5 compares 
the patency rates of the in situ bypasses performed with 
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TABLE 1. Cumulative Patency Rates for Anterior Tibial, Posterior 
Tibial, and Peroneal Bypasses 


No. 
Entering Interval Cumulative 
Interval Interval Occlusions Patency Patency 
Anterior tibial 
bypass 
0-1 187 8 0.955 0.955 
2-12 163 3 0.977 0.933 
13-24 96 5 0.935 0.872 
25-36 52 l 0.978 0.853 
37-48 37 2 0.934 0.797 
49-60 22 0 1.000 0.797 
Posterior tibial 
bypass 
0-1 158 8 0.948 0.948 
2-12 140 10 0.915 0.867 
13-24 84 3 0.957 0.829 
25-36 52 2 0.952 0.790 
37-48 30 l 0.957 0.756 
49-60 16 2 0.826 0.625 
Peroneal bypass 
0-1 263 12 0.953 0.953 
2-12 234 9 0.953 0.908 
13-24 137 5 0.955 0.867 
25-36 79 3 0.950 0.824 
37-48 39 | 0.968 0.797 
49-60 22 l 0.941 0.750 





three different methods of valve incision: valve scissors 
(1974-1979), valve scissors and retrograde valvulotome 
(1979-1981), and scissors, valvulotome, and intraluminal 
valve cutter (1981-1988). There is no demonstrated dif- 
ference between any of these groups at any measured in- 
terval. 


TABLE 2. Cumulative Patency Rates With Level of Distal Anastomosis 
at Popliteal Artery Below-Knee, Proximal Tibial, and Distal Tibial 
ist ach Mitac ont Maslak So ein btw Pini «Be * 5 ear cies ee 





No. 
Entering Interval Cumulative 
Interval Interval  Occlusions Patency Patency 
BK popliteal 
0-1 304 13 0.956 0.956 
2-12 278 12 0.950 0.908 
13-24 186 7 0.954 0.866 
25-36 111 l 0.989 0.856 
37-48 63 3 0.945 0.809 
49-60 43 l 0.971 0.785 
Proximal tibials 
0-1 421 14 0.966 0.966 
2-12 381 16 0.949 0.917 
13-24 232 8 0.958 0.878 
25-36 138 5 0.955 0.838 
37-48 77 3 0.950 0.796 
49-60 40 2 0.933 0.743 
Distal tibials 
0-1 187 14 0.922 0.922 
2-12 156 6 0.951 0.877 
13-24 85 5 0.926 0.812 
25-36 45 1 0.973 0.790 
37-48 29 l 0.960 0.759 
49-60 20 l 0.938 0.711 
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TABLE 3. Cumulative Patency Rates Using Vein With a Minimum 
Outside Diameter Under Arterial Pressure of =>3.5 mm and <3.0 mm 
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No. 
Entering Interval Cumulative 
Intervals Interval Occlusions Patency Patency 
Vein > 3.5 mm 
0-1 594 21 0.964 0.964 
2-12 536 14 0.968 0.933 
13-24 333 13 0.951 0.888 
25-36 188 4 0.974 0.864 
37-48 113 2 0.979 0.846 
49-60 79 2 0.967 0.818 
Vein < 3.0 mm 
0-1 368 23 0.935 0.935 
2-12 321 23 0.914 0.855 
13-24 193 5 0.970 0.829 
25-36 130 4 0.962 0.797 
37-48 75 6 0.902 0.720 
49-60 42 2 0.938 0.675 





The causes of bypass failure were multiple. Most initial 
failures were related to technical problems, such as venous 
injury, improper selection of the outflow or inflow tract, 
use of veins with a diameter of less than 2.0 mm, and, 
albeit rarely, a retained venous valve or an unrecognized 
coagulopathy. 


Discussion 


It is generally acknowledged that the predominant de- 
terminant of immediate and long-term patency is endo- 
thelial preservation.'° The sustained viability of the vas- 


TABLE 4. Cumulative Patency Rate Using Common Femoral, 
Superficial Femoral, and Profunda Femoris as the Inflow Source 


No. 
Entering Interval Cumulative 
Interval Interval Occlusions  Patency Patency 
Common femoral 
inflow 
0-1 462 22 0.951 0.951 
2-12 413 20 0.944 0.897 
13-24 277 13 0.944 0.847 
25-36 177 6 0.960 0.813 
37-48 115 3 0.970 0.789 
49-60 81 3 0.951 0.750 
Superficial femoral 
inflow 
0-1 360 16 0.954 0.954 
2-12 321 11 0.959 0.915 
13-24 200 4 0.976 0.893 
25-36 129 2 0.980 0.874 
37-48 65 3 0.944 0.825 
49-60 39 l 0.967 0.798 
Profunda inflow 
0-1 143 6 0.957 0.957 
2-12 128 6 0.940 0.899 
13-24 65 3 0.933 0.839 
25-36 22 0 1.000 0.839 
37-48 13 1 0.895 0.751 
49-60 5 0 1.000 0.751 
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TABLE 5. Cumulative Patency Rates According to the Use of Scissors 
Only (1974-1979), Scissors, and Valvulotome Only (1979-1981) 
Scissors, Valvulotome and Cutter (1981 to Present) 








No. 
Entering Interval Cumulative 
Intervals Interval Occlusions Patency Patency 
Scissors Only 
0-1 132 5 0.961 0.961 
2-12 120 3 0.972 0.934 
13-24 93 5 0.943 0.881 
25-36 76 2 0.970 0.854 
37-48 55 2 0.962 0.821 
49-60 47 2 0.951 0.781 
Scissors and Valvu- 
lotome 
0-1 382 18 0.952 0.952 
2-12 346 21 0.930 0.885 
13-24 236 8 0.962 0.852 
25-36 175 4 0.974 0.829 
37-48 128 5 0.957 0.794 
49-60 101 4 0.951 0.755 
Scissors, Valvulotome, 
and Cutter 
0-1 618 27 0.955 0.955 
2-12 545 18 0.959 0.916 
13-24 316 12 0.951 0.871 
25-36 161 5 0.958 0.834 
37-48 70 3 0.939 0.783 
49-60 25 0 1.000 0.783 





cular endothelium is inherent in the preparation of the 
saphenous vein in situ, with the major proviso that val- 
vular incompetence must be achieved without significant 
injury to this friable monolayer. In addition, when left in 
situ, leaving the vein in site limits the exposure of the 
conduit to the multiplicity of potential injuries coincident 
with harvest, preparation, and reimplantation. 

Although there are sporadic reports of comparable re- 
sults with excised reverse vein graft,'''* this has not been 
the experience at large. This raises again the suggestion 
that improved patency with in situ bypass is the result of 
improved surgical technique, made possible by a wider 
use of optical magnification and microsurgical instru- 
ments, as well as improved illumination and suture ma- 
terials. However, many surgeons have adopted in situ 
preparation without making any other modifications in 
their basic surgical technique and have experienced im- 
mediate improvement in patency rates.'*-!> The intent of 
this report is not to attempt to resolve this controversy, 
but simply to emphasize that, with the in situ venous 
bypass, improved results are possible under the most ad- 
verse conditions inherent in operating on a limb salvage 
population. Furthermore, by using the in situ bypass, this 
improvement can be achieved without exposing both the 
patient and the vein to the greater surgical trauma ordi- 
narily required in harvesting the vein for reversed vein 
bypass. 

Analysis of the data demonstrates that there was no 
significant effect on immediate and long-term patency by 
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vein diameter or length, site of distal anastomosis, inflow 
source, the instrumentation used to achieve valve incision, 
or the accumulated experience of the operators when the 
in situ conduit was prepared as described. 

In the minds of most surgeons, vein diameter remains 
a critical determinant of patency with a minimum ac- 
ceptable OD of 3.5 mm to 4 mm. These data demonstrate 
that smaller veins (i.e., as small as 2.5 mm OD) can be 
routinely used for in situ bypass, and, in some instances, 
short segments as small as 2 mm OD can be used suc- 
cessfully. It is also clear that the length of in situ bypass 
is not a determinant of early patency or long-term du- 
rability, as has been reported for reversed vein grafts.'° 

Because the use of the profunda femoris or superficial 
femoral artery in the inguinal region (rather than in the 
common femoral artery) does not adversely affect patency, 
a greater technical flexibility is allowed in minimizing the 
dissection, particularly where previous common femoral 
procedures have been performed. It also facilitates the 
performance of a tension-free proximal anastomosis— 
even with excision of the most proximal portion of the 
vein, which is likely to have been traumatized during 
preparation—and generally simplifies the procedure. 

In our experience, the peroneal artery remains the most 
frequently used outflow vessel, constituting 44% of tibial 
bypasses for critical ischemia. In patients with limb- 
threatening ischemia, it is most frequently the only patent 
infrapopliteal artery remaining. When other tibial arteries 
are also visualized, the peroneal artery is generally the 
most normal in appearance. Hemodynamic failure was 
uncommon (occurring in less than 2% of the patients), 
and occurred no more frequently than either anterior or 
posterior tibial arteries. With the comparable patency rates 
demonstrated, there should be no hesitancy to use this 
vessel, which, as Dible pointed out many years ago, is the 
tibial artery most often spared the ravages of athroscle- 
rosis.” 

The evolution of instruments and constraints of their 
use to achieve valve incision was guided by one overriding 
concern toward minimizing the potential for endothelial 
injury in producing an incompetent valve. These data 
show that, particularly with the addition of the intralu- 
minal valve cutter, there was no penalty in performance 
(Table 5), despite the greater potential for circumferential 
endothelial abrasion, the most devastating form of injury. 
This was due to rigidly limiting its use to the thigh segment 
of vein, where the anatomy was clearly demonstrated by 
venography or ultrasonography, and also only to where 
the device would be free-floating in its use. In concert 
with this, our technical methodology for performing the 
in situ bypass has been developed with the primary goal 
of universal application. In other words, the in situ bypass 
can be applied to all cases, regardless of the vagaries of 
venous anatomy, while minimizing the extent of exposure 
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of the vein necessary for consistently safe and atraumatic 
valve incision. The high incidence of venous anomalies'® 
(up to 30% of double systems) and smaller veins distally 
(greater than 50%, less than 3.5 mm OD) precludes the 
safety of the simplistic approach of using a cylindrical 
valve disruptor that is introduced via the distal divided 
end of the vein, passed proximally, and then withdrawn. 
Although it may sometimes be possible to use this inferior 
technique successfully in larger veins (equal to or larger 
than 4 mm OD) used for shorter high flow bypasses (/.e., 
femoropopliteal), when applied to infrapopliteal bypasses, 
the results are typified by those of other reports in which 
the use of Hall and Cartier strippers have been used in 
this fashion.!?-?! Such bypasses exhibit a 20-30% 30-day 
failure rate as the primary cause of poor performance. 
For the same reasons, the use of preoperative venous 
anatomic assessment by either venography or duplex ul- 
trasonography is not only advisable, but mandatory, par- 
ticularly if a valve cutter is to be used safely. A duplex 
ultrasonographic venous map provides the relevant in- 
formation for the careful planning and execution of this 


procedure.” Without this, attempts to define such ana- , 


tomic variations surgically will result in excessive dissec- 
tion, increasing the potential not only of injury to the 
vein, but also of wound complications. Experience with 
over 350 duplex mappings has proven its safety, reliability, 
and utility in the performance of the in situ bypass as well 
as in vein harvesting. 

It should be remembered that the diameter as measured 
on a venogram or duplex image are internal diameters 
(ID) under venous pressure. The average wall thickness 
of a thin-walled saphenous vein is 0.35 + 0.08 mm,* and 
will add a minimum of 0.5-0.9 when compared with the 
published surgical data, in which measurement is of the 
OD under arterial pressure. It has been our experience 
that no decision concerning the adequacy of vein diameter 
can or should be made without direct surgical exposure, 
not only to measure its diameter, but to ascertain the 
character of its wall. A thin transparent vein wall with an 
OD equal to or greater than 8 French (2.7 mm), as de- 
termined by visual comparison with a catheter of that 
size, can be used in all cases. 

The A-V fistulae resulting from arterialization of the 
saphenous vein have been the source of concern leading 
many surgeons to feel obligated to expose the full length 
of the vein in performing an in situ bypass. On the other 
hand, others have suggested that these iatrogenic A-V 
malformations are one cause of failure.’ As previously 
stated, only the major fistulae need to be controlled, since 
the remainder either undergo spontaneous thrombosis or 
are not of significant magnitude to reduce the flow to the 





* Personal communication with H. Engdahl (January 1983). 
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distal perfusion bed. The details of such fistula hemody- 
namics have been studied in detail and presented in a 
previous publication.” In essence, based on this longi- 
tudinal study of over 250 in situ bypasses at 4-month 
intervals by duplex ultrasonography, there is a steady 
spontaneous reduction in fistula flow during the first year, 
whereas flow into the distal arterial perfusion bed remains 
constant. In less than 2% of the patients, fistula flow will 
increase progressively during the early postoperative pe- 
riod. Fistulae are readily recognized by simple noninvasive 
monitoring technique (i.e., segmental pressures and/or 
pulse volume recordings). A hand-held Doppler will usu- 
ally identify the site of such a fistula, and control is easily 
gained when the patient is under local anesthesia. Another 
4% of the patients may require ligation during the re- 
mainder of the first year, largely because of residual pe- 
ripheral edema. Control of these late fistulae rarely results 
in any increase in distal flow. Thus these fistulae are largely 
an inconvenience to the patient and the surgeon, rather 
than a determinant of patency. 

Because a significant number of bypasses threatened 
by occlusion can be identified, the importance of the 
structured follow-up program has been the subject of nu- 
merous reports.**-*® The vast majority of these bypass- 
threatening stenoses occur during the first postoperative 
year, with half presenting during the first 6-month period 
and the remaining half presenting during the second 6- 
month period, having an incidence of 3.5% of bypasses 
at risk during both of these intervals. These lesions can 
be corrected by simple patch angioplasty. The incidence 
of such lesions is of the same order of magnitude as that 
of a comparably followed series of excised free vein 
grafts.'* In the context of recent recommendations by the 
Ad Hoc Committee on standardization of reporting 
methods,” it can be expressed as primary and secondary 
patency, as shown in Figure 2. Recent experience with 
duplex ultrasonography indicates that this is a far more 
sensitive monitoring device. However, the cost and re- 
source-effectiveness of this has not yet been determined 
and will be the subject of a future report. 
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DISCUSSION 


Dr. JOHN M. PORTER (Portland, Oregon): You have just heard an 
outstanding presentation by Dr. Leather describing his results in using 
the in situ vein bypass technique for leg revascularization. 

As many of you know, Dr. Leather has been a pioneer in the devel- 
opment of the in situ technique for lower extremity bypass. Abundant 
evidence has indicated that, for lower extremity bypass, the use of a vein 
graft is clearly superior to the use of a prosthetic graft. 

A critical question, however, is whether the in situ bypass is superior 
to the reverse vein graft. I suggest that in making such comparisons, one 
should examine the issues of patency, limb salvage, and vein utilization. 

As you may know, primary patency is patency maintained without 
the need for reoperation. It has been stated that primary patency reflects 
the quality of the initial procedure. Secondary patency is patency obtained 
with operative revision, and has been considered as reflecting the quality 
of postoperative surveillance. It is widely held that the use of primary 
patency will allow a more accurate comparison of the usefulness of the 
various surgical techniques. 

Dr. Leather has described an in situ patency result at 1, 3, and 5 years 
of 89, 83, and 75%. It is noted that these reflect secondary patencies. 
The primary patency rates were approximately 15-20% less. 

In our experience with reverse vein grafts, now comprising 500 patients, 
we have obtained primary patency at 1, 3, and 5 years of 92, 85, 
and 80%. 

Our limb salvage rate has been about the same as that of Dr. Leather: 
approximately 92% at 3-5 years. 

The only remaining critical question to be examined is the comparison 
of the in situ bypass with reverse vein grafts in terms of vein utilization. 
Dr. Leather has reported that he was able to perform in situ bypass in 
89% of the patients who required limb bypass, all of whom had an intact 
ipsilateral greater saphenous vein. 

We have been able to perform a reverse vein graft in 94% of patients. 
In our practice, currently more than 40% of patients requiring limb salvage 
do not possess an intact ipsilateral greater saphenous vein. 

In these patients, the vein has been removed during prior vein stripping 
or for use in coronary bypass—or more usually, prior arterial bypass in 
the same leg. It is obvious that in our practice, 40% of patients are not 
eligible for the in situ bypass technique. 

(Slide) In summary, we believe that in selected patients with an intact 
ipsilateral greater spahenous vein, the in situ bypass technique is every 
bit as good as the reverse technique. On balance, however, the reverse 
vein graft technique is applicable to 30-40% more patients and requires 
fewer operations to maintain patency. We firmly believe that available 
data do not indicate superiority of one bypass over the other. 

We are indebted to Dr. Leather for sharing his clinical series with us 
and for demonstrating the excellent results obtainable with meticulous 
attention to surgical technique. 


DR. FRANK J. VEITH (New York, New York): I commend Dr. Leather 
on his fine presentation. Seven years ago we presented to this Association 
our recommendation that limb-threatening infrainguinal arteriosclerosis 
be routinely treated by aggressive revascularization. 

This recommendation was based then on an 8-year experience with 
over 600 patients, many of whom required long bypasses to very dis- 
advantaged outflow tracts in the ankle or foot region. 

In recommending an aggressive use of distal revascularization for limb 
salvage, we were at first a voice in the wilderness. However, the Albany 
group was an early convert to this aggressive approach, with other converts 
following, so that today, difficult distal bypasses are being performed 
with increasing frequency at both large teaching centers and community 
hospitals in this country and abroad. 

I would also like to commend Dr. Leather and his colleagues on the 
excellent results that they have achieved in using the in situ vein bypass. 
However, I remain unconvinced that in situ vein grafts are superior to 
reversed vein grafts in most circumstances. 

In works published in 1985! as well as this year,” we have shown that 
short, small diameter reversed vein grafts can work equally well, especially 
when used as bypasses to disadvantaged outflow tracts. 

(Slide) Here are some examples. This is an arteriogram 2 years after 
a small, short reversed vein bypass to the lateral tarsal branch of the 
dorsalis pedis artery, clearly a disadvantaged outflow tract. 
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(Slide) And this is a similar late arteriogram after a short, small reversed 
vein bypass to an isolated lateral plantar branch of the posterior tibial 
artery was performed. This arteriogram was obtained 2 years after the 
bypass. 

Thus, the excellence of Dr. Leather’s results may be due to factors 
other than his use of in situ grafts. 

Moreover, in our group of patients, 40% of whom have had a previous 
bypass, there are many patients who have no vein for an in sifu operation, 
but who do have a vein somewhere that can be used as an ectopic reversed 
vein graft. In fact, more than 20% of our tibial bypass candidates fall in 
this category. 

Having said this, I believe that the in situ technique may be better for 
long bypasses extending from the groin to the lower leg or foot in patients 
with small caliber veins. Because we are unsure about this superiority, 
we are currently performing a randomized prospective study to compare 
reversed and in situ bypasses in this setting. To date, we have no conclusive 
results but have observed the same type of lesions in our failing in situ 
grafts and our failing reversed vein grafts. Thus, the question of which 
type of graft is best remains an open one. Vascular surgeons committed 
to limb salvage should be able to perform reversed and in situ vein by- 
passes with equal dexterity. 

I enjoyed Dr. Leather’s presentation and thank you for your attention. 
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DR. WATTS R. WEBB (New Orleans, Louisiana): Would you tell us, 
please, what is your opinion of leaving one of the venous tributaries open 
distally to form an A-V fistula? 


DR. JOHN E. CONNOLLY (Irvine, California): I enjoyed this paper and 
congratulate Dr. Leather on his excellent results and his promotion of 
the in situ technique. 

It was just 26 years ago that Dr. Edward Harris and I read Carl Victor 
Hall’s paper on the new in situ technique. Working together both at 
Stanford and in San Mateo, we were, I believe, the first in North America 
to perform and later report the use of the in situ procedure. 

Some 5 years later, in the article that Dr. Leather mentioned, Barner 
reported poor results in a small series of cases and attributed his failure 
to problems with valve disruption. His failure to match our results, I 
believe, was due to both missed cusps and/or forceful trauma to the vein 
wall, both of which are technical mistakes that cast an erroneous opinion 
of the technique. 

The subsequent literature is packed with papers on the in situ technique, 
many differing principally in their promotion of new instruments to 
destroy the competency of the saphenous vein valves. 

There are many ways to skin a cat, so to speak, if each tool is used 
properly. I believe that valve obstruction and failure of the bypass most 
often occurs because a cusp is missed, not because it is torn. We originally 
thought breaking a valve from above with a smooth dilator caused the 
valve to be inverted against the vein wall. We now know that this isn’t 
always the case, and that bits of cut or torn valve may be seen with all 
of the recommended valvulotomes. 

I do not believe that these bits of cut or torn valves necessarily cause 
late stenosis or obstruct flow any more than the reverse vein valve does. 

(Slide) This slide shows many of the instruments recommended by 
various authors. As you heard, Carl Victor Hall first cut out each valve 
cusp, but later went to a double smooth-nosed stripper much like what 
we use. As you also heard, Dr. Leather is now on his third different 
instrument to cut the valves. 

(Slide) This is a slide from McCaughen’s work showing what a sa- 
phenous vein valve looks like when our stripper was used. 

(Slide) This slide shows what a valve looks like when cut with a Mills 
valvulotome that Dr. Leather has long advocated. Note that in both, 
irregular incompetent valve leaflets are seen. 

It is of interest that if you inspect angiograms of reversed saphenous 
vein bypasses for coronary artery disease, you often see the presence of 
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valve cusps. This is such an example. We see patent valves, but note 
that even when you reverse the valve, they may appear as partially ob- 
structing leaflets. 

Over the past 25 years, we have slightly modified our technique for 
destroying valve competency. We still employ our smooth-nosed internal 
strippers, except that Pilling and Company have manufactured different 
diameter and length sizes for us. Diameters range from 2 mm to 5 mm. 
Sizes of 4 mm and 5 mm are shorter and are used in the thigh area. 
Sizes of 2, 2.5, and 3 mm are the full length of the leg and are employed 
for smaller veins or when we need to break valves below the knee level. 
Careful use of the proper-sized internal stripper avoids trauma to the 
endothelium, while at the same time provides an instrument large enough 
that cusps are not missed. Whatever instrument you use, you must be 
sure that you do not leave a cusp intact. 

I would agree that one can obtain good results with reverse saphenous 
vein bypass, as Dr. Porter pointed out, and we have not given up that 
technique for bypasses to the popliteal level. 

However, I believe that the in situ technique has certain advantages, 
principally, a reduced size disparity. If you have a vein that is 4 or 5 mm 
at one end and 2 mm at the other end, the hemodynamic advantages of 
keeping the large diameter proximally and the small diameter distally is 
important, and has been proven physically. There are much good basic 
data now that show also that flow and sheer damage occur when there 
is a discrepancy between the size of the bypass and the recipient vessel. 
I believe that this is the second advantage. Another advantage is the 
distention under arterial pressure as opposed to that of hand pressure, 
and the decreased vein manipulation and trauma of the in situ versus 
the reversed procedure. 

For these physiologic reasons, as well as because of the increasing 
clinical evidence, I believe that the in situ procedure is the procedure of 
choice, particularly when bypass is carried below the arterial trifurcation. 
Finally, I believe that there are several satisfactory ways to destroy sa- 
phenous valves, but our choice continues to be dictated by what we think 
is simplest—namely, using our graduated internal strippers from above. 


DR. ROBERT P. LEATHER (Closing discussion): I want to thank the 
discussants for their remarks, and I will address them in sequence. 

The primary and secondary patencies as presented by Dr. Porter suggest 
that these bypass-threatening stenoses do not occur in reverse vein grafts. 
There are only a few well-followed reverse vein series, and in each of 
these, the frequency of stenotic lesions is comparable to that experienced 
using the vein in situ, so that Dr. Porter’s experience appears to be unique. 

We defined in situ vein utilization as the use of the saphenous vein 
in situ in toto. Of the remaining 7% bypasses, over half were completed 
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through the use of harvested vein segments or through harvesting the in 
situ vein and using it as a graft. Therefore, the overall utilization of vein 
as the bypass material in this series was comparable to that reported by 
Dr. Porter. 

The number of limbs in which ipsilateral vein was not harvested is a 
function of referral pattern. In upstate New York, we are very fortunate 
in not being surrounded by facilities of equal size and capability, so that 
we are performing a higher frequency of primary operations. In the last 
650 in situ bypasses, we have been obliged to harvest the vein in less 
than 60 cases, in contrast to the 20-40% of patients without an ipsilateral 
vein, as experienced by Dr. Porter. 

Furthermore, if such extremities are examined by duplex ultrasonog- 
raphy, you will find that patients who have had veins harvested or stripped 
may have segments that are left intact. We have performed in situ bypasses 
and have harvested veins for vein grafts from limbs where the saphenous 
vein has been stripped or harvested. Therefore, such limbs should be 
screened very carefully by ultrasonography, because this experience re- 
flects the fact that the frequency of double saphenous systems is as high 
as 30%. 

In regard to short vein bypasses as discussed by Dr. Veith, length is 
an important factor in the performance of reversed vein bypasses. His 
data has supplied me with most of my ammunition, in contrasting the 
fact that the longer the vein bypasses are reversed, the lower the patency 
is. Whereas with the in situ method, length and diameter have not effected 
long-term patency. Furthermore, we see very few extremities in which 
the popliteal artery is patent in continuity with the proximal circulation. 
I have no doubt that short vein bypasses work extremely well—as well 
as anything we can perform in situ. 

Dr. Connolly, I thank you for your remarks, and I think they are quite 
appropriate. There are many ways of “skinning the cat.” However, one 
has to observe the constraints that dictate the successful use of the various 
instruments. 

The question of the fistula is a whole paper unto itself. We have found 
that it is not necessary to ligate all branches along the course of the 
arterialized saphenous vein. We have confirmed that the vast majority 
of these branches undergo spontaneous occlusion signaled by the ap- 
pearance of a superficial phlebitis over those thrombosing iatrogenic AV 
malformations. The presence of these fistulaes neither helps nor hinders, 
because the flow capacity (except in the very small vein that is less than 
3 mm more than a significant length) is so large that it will more than 
adequately supply distal perfusion plus fistula flow. In fact, we have seen 
six patients in whom the fistula had enlarged to the extent that there was 
reversed flow in the distal segment of the bypass. Yet, these bypasses did 
not fail. They were easily recognized and corrected under local anesthesia 
by control of the offending fistula. 
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Pleural effusions are resistant to standard therapy, which causes 
discomfort and can require prolonged hospitalization. As an al- 
ternative, pleuroperitoneal shunting for pleural effusions of var- 
ious etiologies was evaluated. We implanted 36 shunts in 29 
patients. Two patients had bilateral shunts and five had shunt 
revisions. The effusion was related to a malignancy in 22 patients, 
postoperative chylothorax in two patients, and other causes in 
five patients. Therapeutic thoracentesis had been attempted in 
28 patients, and eight had had chest tube placement previously 
with attempted sclerosis. Seven patients had a trapped lung syn- 
drome. There was no operative mortality. All patients were 
deemed ready for discharge from the hospital if they had recov- 
ered from the operation within 48 hours. Five patients had poor 
results, either because of a moribund status or their refusal or 
inability to pump the shunt. Of the remaining 24 patients, four 
had good results with temporary improvement, and excellent 
results were achieved in 20 patients (83.3%), who experienced 
symptomatic relief and stabilization or regression of pleural ef- 
fusion until the time of their death. Patients with chylothorax 
experienced complete resolution. The 14 patients with malignant 
effusions had a median survival of 4 months, and there were no 
instances of peritoneal tumor seeding. In conclusion, pleuroper- 
itoneal shunting is an alternative therapy for pleural effusions 
that requires a limited hospitalization only, is associated with 
minimal and short-term discomfort, achieves excellent results 
in properly selected patients, and is the only viable therapy when 
lung expansion cannot be achieved. 


nant pleural effusions includes generalized (e.g., 
chemotherapy) or localized (e.g., irradiation) 
cancer treatments, thoracentesis, and intercostal tube 
drainage with subsequent instillation of pleural irritants 
to achieve pleurodesis. The aspects of these therapies— 
particularly intercostal tube drainage and pleural sclerosis 
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with which surgeons are involved frequently necessitate 
a lengthy hospitalization period, cause both pain and dis- 
comfort for the patient, are a drain on the patient’s protein 
and immune cell stores, and have an appreciable com- 
plication and failure rate. These comments are equally 
valid for pleural sclerosis attempts in patients with pleural 
effusions of other etiologies. Because of these drawbacks 
and results, our group evaluated a new approach for pleu- 
roperitoneal shunting of the pleural fluid to determine its 
role in the palliative therapy of these patients. 


Patient Population, Methods and Materials 


Our patient population consists of 29 patients, 16 of 
whom were men and 13 of whom were women. The av- 
erage age was 54.6 years, with an age range of 28-90 years. 
All patients had a pleural effusion, but the etiologies var- 
ied. The effusion was related to a metastatic malignancy 
in 22 patients: lung carcinoma in nine patients, esophageal 
carcinoma in three patients, renal cell carcinoma in two 
patients, sarcoma in one patient, prostate carcinoma in 
one patient, colon carcinoma in one patient, breast car- 
cinoma in one patient, uterine carcinoma in one patient, 
mesothelioma in one patient, metastatic adenocarcinoma 
of unknown primary in one patient, and Hodgkin’s disease 
in one patient. All 22 patients had metastatic disease for 
which they were treated with chemotherapy. The etiology 
of the effusion was related to a benign process in the other 
seven patients. The causes included postoperative chy- 
lothorax in two patients, congestive heart failure in two 
patients, liver failure and cirrhosis in one patient, the 
“yellow nail syndrome” in one patient, and hemochro- 
matosis in one patient. 





FIG. 1. Photograph of the pleuroperitoneal shunt with the double-valved 
pump chamber. The end of the peritoneal catheter can be shortened at 
the surgeon’s discretion. The sewing holes in the flanged base of the 
pump chamber are evident. 


Each patient had respiratory symptoms due to the ef- 
fusion. All had dyspnea upon exertion, and many had 
dyspnea at rest. Chronic cough, presumably due to 
compression atelectasis of the lung, was present in 21 of 
the patients. Thoracenteses had been performed in 28 pa- 
tients on one or more occasions by multiple physicians, 
frequently in several institutions, and this temporarily 
abated the symptoms. Eight patients had had chest tube 
placement previously with attempted sclerosis with tet- 
racycline. During these interventions, seven patients had 
documented trapped lung syndrome with failure of lung 
expansion after complete fluid evacuation. 

The pleuroperitoneal shunt used was a silicone rubber 
device consisting of a valved pump chamber with attached 
fenestrated pleural and peritoneal catheters, known as the 
Denver Pleuro-Peritoneal Shunt!’ (Codman and Shurt- 
leff, Inc., Randolph, MA) (Fig. 1). Although, when using 
this shunt, spontaneous flow occurs when the pressure 
gradient across the valve exceeds 1 cm of water, manual 
compression of the pump chamber is required because 
the pleural/abdominal pressure gradient is typically neg- 
ative. The pump chamber capacity is approximately 1.5 
cc; the force required for compression and evacuation is 
small, because the valves open at a positive pressure of 
about | cm of water. Because a pumping sequence takes 
less than two seconds, a frequency of 30 pumps per minute 
is easily achieved. Patients were asked to compress their 
pump chamber four times a day for 10 minutes on each 
occasion. Adherence to this program resulted in the 
transport of approximately 1,500 cc of fluid per day from 
the pleural cavity to the peritoneal cavity. 

In most instances, shunt implantation was performed 
in the operating room, using general anesthesia, but in 
four patients, local anesthesia was used. Two patients re- 
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quired bilateral shunts for bilateral effusions, and shunt 
replacement was necessary in five patients, thus, a total 
of 36 shunts were placed in the 29 patients. The pump 
chamber was placed in a subcutaneous pocket caudad to 
a skin incision in the lateral part of the inframammary 
crease and fixed to the tissues with sutures through the 
sewing holes in the base of the pump chamber. Because 
the chamber does not lie directly beneath the incision, 
pump compression does not traumatize the incision and 
is therefore less painful. The pleural catheter is inserted 
at the lateral and superior aspect of the incision with a 
Seldinger-type introducer kit. The abdominal catheter is 
tunneled subcutaneously across the costal margin and in- 
serted, via a 3 cm skin incision, into the peritoneal cavity 
through a small incision in the peritoneum. The final ap- 
pearance is schematically shown in Figure 2. 





FIG. 2. Schematic representation of the typical final configuration after 
placement of a right pleuroperitoneal shunt. The pump chamber is located 
to provide easy access by the patient and overlies the rib cage against 
which it is compressed. 
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Results 


There was no operative mortality associated with shunt 
placement. Perioperative complications included post- 
operative wound seroma in three patients and a minor 
liver laceration in one. The wound seroma problem was 
controlled through the use of a Seldinger technique with 
a guide wire and introducer set for placement of the pleural 
catheter; wound seroma has not recurred since the adop- 
tion of this technique. The liver laceration required one 
stitch and occurred while a percutaneous introducer tech- 
nique was used for the peritoneal catheter. Using a direct 
cutdown technique, we have had no additional compli- 
cations related to the placement or the dwelling of the 
abdominal catheter. Five or 13.5% of the 37 shunts be- 
came occluded by fibrinous debris between 3 weeks and 
2 months after the operation, necessitating replacement, 
which was uneventfully performed in all five instances. 

Pump compression by physicians and nurses was ini- 
tiated in the recovery room and was started by the patient 
and/or the patient’s family on the first postoperative day. 
These early pump compressions were associated with mild 
discomfort but no severe pain. Within 3 days of shunt 
placement, pump compression caused no discomfort. All 
patients were deemed ready for discharge from the hospital 
in terms of their recovery from the operation within 48 
hours; in fact, in two patients, pleuroperitoneal shunt 
placement was performed on an outpatient basis. 

Five patients had poor results from their shunts; these 
poor results were due to poor patient selection. Two pa- 
tients, in retrospect, were moribund and both expired 
within | month of shunt placement because of rapid pro- 
gression of their underlying carcinoma. Three patients 
never pumped on their shunts; one obese patient was un- 
able to localize the pump chamber, one 90-year-old man 
suffering from senility was simply unable to comply, and 
one patient developed a cancer phobia and refused to 
touch her shunt. 

Of the remaining 24 patients, four had good results as 
defined by a temporary reduction in the size of their 
pleural effusions, and showed temporary improvement in 
their pulmonary symptoms. Excellent results were 
achieved in 20 (83.3%) of the 24 appropriately selected 
patients, who adequately compressed their pump cham- 
bers. All of these patients had symptomatic relief and ei- 
ther regression of their pleural effusion or, in the case of 
patients with a trapped lung, stabilization of the effusion. 
This result lasted either until the present time or until 
death caused by underlying malignancy. Of these latter 
20 patients, the two patients with iatrogenic, postoperative 
chylothorax had complete resolution of their effusions and 
their shunts were removed. The 14 patients with malig- 
nant effusions had a median survival of 4 months, and 
there were no instances of peritoneal tumor seeding. 
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Case Illustrations 


Patient | was a 49-year-old man who underwent total gastrectomy 
and distal esophagectomy for an advanced adenocarcinoma (Fig. 3). A 
right pleural effusion developed 20 months after operation and caused 
both dyspnea and cough. Malignant cells were cytologically demonstrated 
by thoracentesis. Outpatient placement of a pleuroperitoneal shunt was 
performed, using general anesthesia. The patient experienced essentially 
complete resolution of his pleural effusion and abatement of his pul- 
monary symptoms until the time of his death, approximately 4 months 
later. 

Patient 2 was a 49-year-old man with cryptogenic liver cirrhosis that 
was associated with a massive right pleural effusion and ascites (Fig. 4). 
Despite numerous therapeutic paracenteses and thoracenteses, the pa- 
tient’s severe dyspnea could not be controlled. Pleuroperitoneal and 
peritoneal-venous shunts were simultaneously implanted. Subsequently, 
the patient was completely free of respiratory symptoms and free from 
recurrence of his effusion for an additional 9 months. At that time, because 
of progressive liver failure, he was treated with liver transplantation. He 
is now alive and well. 

Patient 3 was a 56-year-old woman with metastatic adenocarcinoma 
of the lung (Fig. 5). Despite both systemic chemotherapy and radiation 
to the mediastinum, a pleural effusion developed and progressed. Al- 
though tube thoracostomy was performed, the lung failed to re-expand, 
making pleural sclerosis impossible. A pleuroperitoneal shunt was placed; 
although complete lung expansion could not be expected, the effusion 
was stabilized and maximum lung expansion was obtained. In addition, 
with the shunting of the fluid, the previous mediastinal shift was corrected. 
The patient retained stable respiratory symptoms until her death, which 
was caused by progression of her carcinoma. 

Patient 4 was a 54-year-old man who underwent esophagectomy for 
a Barrett’s esophagus (Fig. 6). After the operation, the patient’s chest 
tube output was copious and its chemistries were consistent with a lymph 
leak. When the chest tube was removed, pleural fluid accumulation oc- 
curred rapidly and the patient was taken to the operating room for place- 
ment of a left pleuroperitoneal shunt. Discharge from the hospital oc- 
curred 5 days later, with the patient receiving a regular diet and having 
no respiratory discomfort. He returned 2 weeks after discharge with sig- 
nificant shortness of breath, and a chest x-ray showed complete resolution 
of the left effusion but accumulation of a large right pleural effusion. 
The patient was readmitted, a second pleuroperitoneal shunt was placed 
from the right pleural cavity to the peritoneal space, and he was again 
discharged 3 days after the operation. Follow-up demonstrated that both 
chylous pleural effusions had completely resolved, and approximately 3 
months after the esophagectomy, both shunts were removed. The patient 
is alive and well, and has experienced no recurrence of either pleural 
effusion. 


Discussion 


Malignant pleural effusions cause significant debilita- 
tion and are frustratingly difficult to treat. Some malignant 
effusions, particularly those related to lymphoma and 
metastatic breast cancer, are amenable to systemic anti- 
neoplastic therapy, such as chemotherapy or hormonal 
manipulation, or to localized therapy such as radiation 
therapy.' Effusions due to other cancers, particularly lung 
cancer, are frustratingly unresponsive to these ap- 
proaches.'* Independently of the underlying cell type, 
when these modalities fail, the surgeon is called on for 
therapy. Thoracentesis is a diagnostic rather than a ther- 
apeutic approach, and traditional surgical therapy involves 
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complete evacuation of all fluid with an intercostal chest 
tube, followed by pleural sclerosis, with the most popular 
sclerosing agent now being tetracycline, with the goal of 
fusing the visceral to the parietal pleura (i.e., pleurodesis). 

The process of intercostal tube drainage, followed by 
instillation of irritants to achieve pleurodesis, is quite un- 
comfortable and even painful for the patient, typically 
necessitates a hospitalization of at least several days and, 
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Fics. 3A-C. (A) Chest x-ray appearance 20 months after esophagogas- 
trectomy, showing a new, large, malignant right pleural effusion. (B) 
Chest x-ray appearance immediately after pleuroperitoneal shunt inser- 
tion. (C) Appearance 3 months later, showing essentially complete res- 
olution of the effusion. 


occasionally, weeks in duration, and wastes important 
amounts of the patient’s stores of protein and immune 
cells.* Although there are reports of success with this tech- 
nique,’ many physicians are frustrated by poor long-term 
results. Our group was satisfied with our results until a 
review of our experience showed that patients were re- 
turning to the medical oncologist within a few weeks of 
discharge with reaccumulation of their effusion.” The sur- 
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Fics. 4A and B. (A) Chest x-ray appearance | day after placement of both a right pleuroperitoneal and a peritoneo-venous shunt in a man with 
cryptogenic cirrhosis complicated by ascites and a pleural effusion. The radiolucent stripe on the pleural catheter is discernable. (B) Seven months 
later, the appearance shows marked improvement. The radiolucent stripe of the peritoneo-venous shunt is now obvious. 


geons continued to regard their intervention as successful 
because of lack of knowledge about this result of failure. 
It is evident from discussions with colleagues that our 
experience is not unique and that there is a need for an 
alternative therapy that causes less discomfort, allows these 
patients (all of whom have a limited life expectancy) more 
time out of the hospital, and is efficacious. In addition, 
when a patient’s lung cannot re-expand after fluid re- 
moval, this “trapped lung” dooms attempts at pleural 
sclerosis to failure, since pleurodesis cannot occur unless 
the visceral and parietal pleura can come into apposition. 

In addition to patients with malignant pleural effusions, 
there is a small but steady number of patients who require 
surgical therapy for pleural effusions of benign etiologies. 
This includes patients in whom there is iatrogenic chy- 
lothorax after thoracic operations on either the lung or 
the esophagus, and patients with effusions caused by dis- 
orders such as collagen vascular diseases and other syn- 
dromes. Although performing pleural sclerosis to achieve 
pleurodesis may be more effective in these patients, the 
patients must nevertheless pay the price of chest tube in- 
sertion, loss of protein and immune cells, and a relatively 
prolonged hospitalization. This price is particularly high 
in patients with postoperative chylothorax who are de- 
bilitated by their underlying disease and whose operation 
and can ill-afford the consequences of external drainage 
of this protein and immune cell-rich fluid.’ Our experience 


with two patients, coupled with another positive report,* 
suggests that early pleuroperitoneal shunting should be 
considered for these patients. 

The idea of pleuroperitoneal shunting was suggested to 
us by a report of excellent results in infants and children 
with chylothorax.* The appeal of this approach is based 
on its avoidance of the risk of air embolism into the venous 
system and its ability to use the large absorptive surface 
area within the peritoneal cavity. With malignant effu- 
sions, the theoretical concern of malignant seeding of the 
peritoneal cavity is valid. However, these patients have, 
by definition, metastatic disease and typically are receiving 
systemic therapy. The goal is palliation of the respiratory 
symptoms and the risk of air embolism therefore seems 
worth taking. Having accepted this risk, however, we find 
that none of our patients have actually exhibited evidence 
of seeding of their peritoneal cavity. Considering their 
median survival of 4 months, this is not too surprising. 
The patients simply do not live long enough for this po- 
tential complication to be a serious drawback to this 
therapy. 

Our results with pleuroperitoneal shunting seem sat- 
isfactory and are consistent with our own early experience” 
as well as with other reports.” The operation for placing 
the shunt is well-tolerated and is associated with minimal 
risk. Perioperative complications are infrequent when the 
pleural catheter is placed through a Seldinger-type intro- 
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ducer and the peritoneal catheter is placed under direct 
vision. Postoperative discomfort, even with pump 
compression, is minimal and disappears within a few days. 
The need for prolonged hospitalization is avoided because, 
in terms of the shunt per se, discharge from the hospital 
is usually possible within 48 hours. These short-term ben- 
efits, however, have limited appeal if long-term results are 
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Fics. 5A-C. (A) Chest x-ray showing a large, malignant right pleural 
effusion causing mediastinal deviation in a patient with bronchogenic 
carcinoma. (B) After chest tube insertion, the chest x-ray shows a “trapped 
lung” that will not re-expand. (C) The chest x-ray 3 months after pleu- 
roperitoneal shunt insertion shows the maximum possible lung expansion 
and resolution of the mediastinal shift. 


unsatisfactory. Clearly, patient selection is important. The 
patients must have a reasonable life expectancy, otherwise 
no benefit will accrue. In addition, the patients must be 
both willing and able to compress the shunt. Pleural fluid 
will not flow spontaneously from the negative pressure 
pleural cavity to the positive pressure peritoneal cavity. 
Compression does not require a great effort, and we only 
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Fics. 6A-C. (A) Chest x-ray 10 days after an esophagectomy, showing 
a left chylothorax. A pleuroperitoneal shunt was inserted that same day. 
(B) Chest x-ray 3 weeks later shows complete resolution of the left chy- 
lothorax, but also a new right chylothorax. A second, right pleuroperi- 
toneal shunt was implanted. (C) Subsequent chest x-ray 2 weeks after 
placement of the second shunt shows complete resolution on both sides. 
The shunts were uneventfully removed | month later. 


ask our patients to devote a total of 40 minutes per day, 
in 10-minute increments, to working on their shunt. Many 
patients develop the habit of compressing the shunt while 
watching television or resting at home. 
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In properly selected patients, we were able to achieve 
excellent results in approximately 80% of patients. That 
is, these patients had symptomatic relief and either 
regression or, in the case of patients with a trapped lung, 
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stabilization of their pleural effusion. It is particularly 
gratifying to be able to achieve symptomatic stabilization 
in patients with malignant effusions and a trapped lung, 
because there is really no viable, alternative therapy for 
such patients. Occlusion of the shunt with fibrinous ma- 
terial does occur in approximately 10% of the patients, 
but shunt replacement is easily performed. The patients 
feel that use of the shunt causes minimal discomfort dur- 
ing the first few days after shunt placement and no dis- 
comfort thereafter. 

Based on our results we consider pleuroperitoneal 
shunting to be a viable, alternative therapy for malignant 
and benign effusions requiring surgical intervention. This 
approach requires a short hospitalization only, is asso- 
ciated with minimal and short-term discomfort, achieves 
excellent results in properly selected patients, and is the 
only realistic therapy when lung expansion is impossible. 


DISCUSSION 


DR. CHARLES L. WITTE (Tucson, Arizona): Dr. Little and his associates 
have cleverly adapted a prosthetic conduit for indirectly draining the 
pleural space that has previously been used exclusively to drain the peri- 
toneal cavity. Although at first it appears that this approach is reasonable, 
the pathophysiologic circumstances in the two celomic cavities are vastly 
different. For example, when one deals with intractable ascites, the conduit 
acts as an auxiliary megalymphatic and drains spilled visceral lymph 
directly back into the bloodstream from which it emanates. On the other 
hand, with hydrothorax, the prosthesis must move fluid from a region 
where lymphatics are blocked (that is, the mediastinum) to an area (the 
peritoneal cavity) where lymphatics presumably can drain adequately. 
Conceptually, this line of reasoning seems misguided. 

The peritoneal lymphatics ordinarily drain upwards through the dia- 
phragm and into the mediastinum. But the patients described generally 
have mediastinal disease including intrathoracic malignancies or irra- 
diation or both. They may also have been operated on. Accordingly, it 
seems unlikely that a pleural effusion can be properly managed by di- 
verting the intrathoracic fluid into the peritoneal cavity, because this 
maneuver would simply create a circular pathway. In other words, the 
pleural fluid is diverted into the peritoneal cavity and then drains up 
into the mediastinum, where there is a pathologic process (for example, 
lymphatic blockage) that initiated the pleural effusion and which then 
should reforce the newly returned fluid back out into the pleural space. 
Indeed, all lymph below the diaphragm, whether it be splanchnic lymph 
containing chyle or peritoneal cavity fluid ultimately returns to the 
blood-stream via mediastinal central lymphatics. So, the key issue is: 
how does the operation work, since the pathomechanism that forces 
fluid out into the pleural space should also concomitantly restrict its 
return from the peritoneal cavity? 

I also noticed one of the patients had yellow nail syndrome, a variant 
primary lymphedema syndrome. Such patients with intestinal lymphan- 
giectasia have dysplastic lymphatics throughout the mediastinum. Again, 
I am unclear how lymph that escapes into the chest is able to return 
successfully to the bloodstream by diverting it into the peritoneal cavity 
from where a lymph, in these patients, generally does not drain properly 
to begin with. 

I have one suggestion to make regarding establishing the physiologic 
validity of this procedure. At the time that these patients have a thora- 
costomy tube in place (as they invariably do), one should instill a radio- 
isotope into the peritoneal cavity and compare the rate of absorption 
into the blood plasma and into the chest tube drainage fluid. If the tracer 
appears in the chest tube fluid in high concentration before appearing 
in the plasma, then it is reasonable to conclude that insertion of a pleural- 
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peritoneal shunt will merely result in a circular flow of pleural fluid from 
the peritoneal cavity back to the pleural cavity. If, however, there is an 
alternate route by which peritoneal fluid can return in these patients, 
then plasma radioactivity should increase much more rapidly than in 
the chest tube drainage fluid, thereby justifying insertion of a pleural- 
peritoneal shunt. 


DR. WATTS R. WEBB (New Orleans, Louisiana): Have you seen pa- 
tients with both abdominal and thoracic effusions, and would you then 
consider using a pleurovenous shunt? 


Dr. ALEX G. LITTLE (closing discussion): Dr. Webb, your question 
really is perhaps a corollary of the question we were just asked: why put 
this fluid in the peritoneal cavity? 

This idea was certainly not original with us. We got it from other 
reports, particularly one relating to chylothorax.' The appeal of putting 
the fluid in the peritoneal cavity is that of avoiding the risk, albeit small, 
of developing pneumothorax and transporting air into the venous system. 

Clearly, there are some questions about the mechanism of action here. 
Emperically, the shunt works. There are multiple ways in which fluid 
can be absorbed from the abdominal cavity. Most of the lymphatics are 
under the diaphragm, and do drain into lymphatics going through the 
mediastinum. I recognize that these patients frequently have cancer in 
the mediastinum and perhaps have been irradiated, but there is still a 
very rich lymphatic plexus through that area, and I still presume that 
the mode of activity is by and large lymphatic return. These patients, 
particularly the cancer patients, have exudative processes, which is a 
pleural disease, and the problem is not one of increased hydrostatic pres- 
sure nor necessarily even of mediastinal involvement. 

We began to use this device with some curiosity ourselves as to whether 
it would work, and the results have been so pleasing that we cannot even 
conduct a study, so pleased are the medical oncologists with the ability 
to discharge their patients (whom you must remember have a very limited 
life span) from the hospital within days as compared to, say, 2 weeks for 
pleural sclerosis. These are patients who have a median life expectancy 
of 4 months or less, and for whom 2 weeks constitutes an important 
fraction of their remaining life. 

I would like to thank the Association very much for the privilege of 
presenting this work. 
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events, Causality cannot be excluded. Body as a Whole—Fever, 
asthenia, fatigue. Cardiovascular—Palpitations. Gastrointestinal— 
Nausea, vomiting, abdominal discomfort, anorexia, dry mouth, liver 
enzyme abnormalities. Hemato/ogic—Thrombocytopenia. 
Hypersensitivity—Orbital edema, conjunctival injection. 
Musculoskeletal—Musculoskeletal pain, arthralgia. Nervous 
System/Psychiatric—Paresthesias; grand mal seizures (single 
report); psychic disturbances including depression, anxiety, 
decreased libido, hallucinations (single report); insomnia; 
somnolence. Respiratory—Bronchospasm. Skin—Alopecia, acne, 
pruritus, rash, dry skin, flushing. Special Senses—Tinnitus, 

taste disorder. 


The adverse reactions reported for PEPCID Tablets may also occur 
with PEPCID Oral Suspension or PEPCID I.V.; in addition, transient 
irritation at the injection site has been observed with PEPCID I.V. 
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Management of Overdosage: There is no experience to date with 
deliberate overdosage. Up to 640 mg/day have been given to patients 
with pathological hypersecretory conditions with no serious adverse 
effects. In the event of overdosage, treatment should be symptomatic 
and supportive. Unabsorbed material should be removed from the 
gastrointestinal tract, the patient should be monitored, and supportive 
therapy should be employed. 

Dosage and Administration: Duodenal Ulcer: The recommended 
adult oral dosage for active duodenal ulcer is 40 mg h.s.; most 
patients heal within 4 weeks, and it is rarely necessary to use the full 
dosage for longer than 6 to 8 weeks. A regimen of 20 mg b.i.d. is also 
effective. For maintenance therapy, the recommended oral dosage is 
20 mg h.s. 

Pathological Hypersecretory Conditions (e.g., Zollinger-Ellison 
Syndrome, Multiple Endocrine Adenomas): The dosage varies 
with the individual patient; the recommended adult oral starting 
dosage is 20 mg q6h, but some patients may require a higher starting 
dosage. Dosages should be adjusted to individual patient needs and 
continued as long as clinically indicated; up to 160 mg q6h have been 
administered to some patients with severe Zollinger-Ellison 
syndrome. 


Oral Suspension: The Oral Suspension may be substituted for 
Tablets for those patients who cannot swallow tablets. 

Directions for Preparing PEPCID Oral Suspension: Prepare 
suspension at time of dispensing. Slowly add 46 mL Purified Water. 
Shake vigorously for 5-10 seconds immediately after adding the water 
and immediately before use. 

Stability of PEPCID Oral Suspension: Unused constituted oral 
suspension should be discarded after 30 days. 

Intravenous Administration: In some hospitalized patients with 
pathological hypersecretory conditions or intractable ulcers, or in 
patients who are unable to take oral medication, the recommended 
intravenous dosage is 20 mg qi2h. For preparation of solutions for 
injection or infusion and for compatible diluents, please see 
Prescribing Information. Parenteral drug products should be 
inspected visually for particulate matter and discoloration prior to 
administration whenever solution and container permit. 
Concomitant Use of Antacids: Antacids may be given 
concomitantly if needed. 

Dosage Adjustment for Patients with Severe Renal Insufficiency: 
In patients with severe renal insufficiency (creatinine clearance less 
than 10 mL/min), the elimination half-life of famotidine may exceed 
20 hours, reaching approximately 24 hours in anuric patients. Although 
no relationship of adverse effects to high plasma levels has been 
established, to avoid excess accumulation of the drug, the dosage 
may be reduced to 20 mg h.s. or the dosing interval may be prolonged 
to 36 to 48 hours as indicated by the patient's clinical response. 

How Supplied: Tablets, containing 20 mg or 40 mg famotidine, with 
hydroxypropyl cellulose, hydroxypropyl methylcellulose, iron oxides, 
magnesium stearate, microcrystalline cellulose, starch, taic, and 
titanium dioxide as inactive ingredients, in bottles of 30 and unit-dose 
packages of 100; Oral Suspension, containing per 5 mL after 
constitution with 46 mL Purified Water, 40 mg famotidine, with citric 
acid, flavors, microcrystalline cellulose and carboxymethylcellulose 
sodium, sucrose, and xanthan gum as inactive ingredients, and 
sodium benzoate 0.1%, sodium methylparaben 0.1%, and sodium 
propylparaben 0.02% added as preservatives, in bottles of 400 mg 
famotidine for constitution; Solution for intravenous injection, 
containing 10 mg famotidine per mL, with L-aspartic acid 4 mg, 
mannitol 20 mg, and water for injection q.s. 1 mL as inactive 
ingredients, and benzyl alcohol 0.9% added as preservative to the 
multidose vial, as 10x2-mL single-dose vials and as 4-mL vials. 
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More Is Better 


Antibiotic Management After Hemorrhagic Shock 





DAVID H. LIVINGSTON, M.D., CHARLES R. SHUMATE, M.D., HIRAM C. POLK, JR., M.D., 


Previous reports suggest that standard antibiotic prophylaxis is 
ineffective in reducing the incidence of wound infection after 
hemorrhagic shock. This study investigated the use of larger and 
longer doses of antibiotic in a model of staphylococcal infection 
after hemorrhagic shock. Sprague-Dawley rats resuscitated from 
hemorrhagic shock were injected with either 10°, 10° or 10” 
Staphylococcus aureus subcutaneously. Five treatments were in- 
vestigated: 1) control (no antibiotic), 2) short-course cefazolin 
(CEF) (SHORT), 30 mg/kg intraperitoneal (IP), 30 minutes 
before and 4 hours after inoculation, 3) long-course CEF 
(LONG), 30 mg/kg IP, 30 minutes before and 4 hours after 
inoculation, and thereafter, every 8 hours for 3 days, 4) mega- 
CEF (MEGA) 200 mg/kg IP, 30 minutes before and 4 hours 
after inoculation, and 5) mega-long CEF (MEGA-LONG), 200 
mg/kg IP, 30 minutes before and 4 hours after inoculation, and 
thereafter, every 8 hours for 3 days. Abscess number, weight, 
and diameter were measured on Day 7. At the 10° inoculum, 
SHORT was effective in both shocked and unshocked animals. 
In the 10° group, all antibiotic regimens decreased the 100% 
mortality that followed shock without treatment, but they had 
little effect on abscess formation. In unshocked rats at the 10° 
inoculum, SHORT was effective in reducing abscess number, 
diameter, and weight (all p < 0.05 ys. control). After hemorrhagic 
shock, SHORT did not decrease abscess frequency, but it did 
diminish abscess diameter. LONG significantly decreased ab- 
scess diameter and abscess weight (both p < 0.05). After shock, 
both MEGA and MEGA-LONG reduced abscess number (p 
< 0.05 ys. control) and MEGA-LONG was superior to all other 
regimens at the 10° inoculum. These experimental data show 
that increasing both the dose and duration of antibiotic admin- 
istration is more effective than standard short-course antibiotic 
prophylaxis in preventing experimental infection after hemor- 
rhagic shock. 


and mortality after injury, and infectious compli- 
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and increase health care costs. !? Surgical wound infections 
comprise nearly one fourth of hospital-acquired infections, 
occurring most commonly when bacterial contamination 
has occurred. The introduction and proper use of anti- 
biotics has decreased the incidence of incisional infection 
after elective operations. Clinical studies by Bernard and 
Cole? and Polk and Lopez-Mayor* have demonstrated 
the efficacy of prophylactic antibiotic regimens in pre- 
venting incisional infection after clean-contaminated and 
contaminated operations. Since the use of topical sulfa- 
nilamide for the treatment of open fractures was first de- 
scribed by Jensen et al, refinements in antibiotic pro- 
duction, their greater availability, and improvements: in 
antimicrobial spectrum have firmly established the efficacy 
of antimicrobial use in contaminated traumatic wounds. 
Fullen and co-workers® and Dellinger et al.” have dem- 
onstrated a marked decrease in wound infections in pa- 
tients who received perioperative antibiotics after pene- 
trating abdominal injury. These combined studies have 
established that antibiotics must be administered either 
before or soon after contamination in order to be effective, 
and can be discontinued within a short time, usually 24- 
48 hours, after operation. 

Despite these encouraging reports, others have shown 
that perioperative shock or excessive blood loss is asso- 
ciated with a higher risk of infection, even in the presence 
of appropriately administered antimicrobials.°-!? Clinical 
reports of penetrating abdominal trauma,”!*'3 pancreatic 
injury,'’ and colon injury? have demonstrated that hy- 


~ potension is a significant risk factor for the development 


of late infectious complications in these injured patients. 
Although the occurrence of hypotension correlated with 
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the frequency of postoperative infection in these studies, 
quantitative determination of the units of blood transfused 
served as a more accurate measure of the magnitude of 
shock and the risk of infection.®”'? Other reports of un- 
injured patients have demonstrated that intraoperative 
hypotension increased the incidence of infectious com- 
plications that occur after operations on the colon and 
other areas of the gastrointestinal (G.I.) tract.!+!5 

Miles and co-workers have shown that dehydrational 
shock reduces the effectiveness of penicillin to control an 
intradermal Staphylococcus aureus infection.'*'8 In an 
earlier report, we have demonstrated that hemorrhagic 
shock increases the susceptibility to wound infection with 
S. aureus that is not reduced despite resuscitation and 
prophylactic antibiotic use.’? Furthermore, we have shown 
that this decreased ability to combat infection persists for 
up to 5 days after hemorrhagic shock. These experimental 
observations and the aforementioned clinical studies serve 
as evidence that current conventional administration of 
prophylactic antibiotics are ineffective in the presence of 
shock. 

Two strategies have been used to decrease infection in 
these situations. The first is to administer various im- 
munomodulators that act to augment the host response 
to an infectious challenge. Muramy] dipeptide and glucan 
have been shown to have some efficacy in this setting??? !; 


however, the fact that these adjuvants are most effective 


when used before bacterial challenge limits their useful- 
ness. Our initial experimental investigation” of interferon- 
y, a specific cytokine, has demonstrated a synergistic re- 
duction in both the incidence of infection and lesion size 
when interferon-y is given concomitantly with antibiotics. 

A second strategy is to increase the dose and duration 
of the antimicrobial drug beyond what is standardly rec- 
ommended in these situations. Previously, Altemeier et 
al. demonstrated that increasing the dose of penicillin im- 
proved the survival of experimental clostridial infection.” 
Similarly, Alexander and Altemeier”* showed that, in the 
prevention of staphylococcal infection in dogs, larger doses 
of penicillin were more effective than a standard dose. 

Given this background, we designed the following study 
to address the relationship between the dosage and du- 
ration of antibiotic administration and the incidence and 
severity of experimental S. aureus infection. Because our 
previous studies have shown that hemorrhagic shock ex- 
_acerbates the susceptibility to infection, despite resusci- 
tation, and that the infection that develops is treated sub- 
optimally by the usual format of antibiotic prophylaxis, 
we again used this model for investigation. 


Materials and Methods 
Hemorrhagic Shock 


Adult female Sprague-Dawley rats (Harlan Sprague- 
Dawley, Indianapolis, IN) weighing 200-240 gm were dc- 
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climated to our facility and allowed free access to a stan- 
dard diet and water before experimentation commenced. 
The animals were anesthetized with an intraperitoneal 
(IP) mixture of ketamine (50 mg/kg) and xylazine (15 
mg/kg). A rectal thermistor probe was inserted, and body 
temperature was maintained at 37 C, using a heating 
blanket. The right carotid artery and left internal jugular 
vein were cannulated with PE-90 tubing for blood pressure 
monitoring and fluid infusion, respectively. Blood pressure 
was recorded continuously on a physiograph (Narco-Bio- 
systems, Houston; TX). After heparin (1000 units/kg) was 
administered intravenously, animals were bled to a mean 
arterial pressure of 45 mmHg for 45 minutes, after which 
they were resuscitated to pre-shock arterial pressure by 
infusion of the shed blood and approximately 1.5 times 
the volumes of normal saline. The mean amount of blood 
withdrawn was approximately 40% of the calculated blood. 
volume. At completion, the cannulae were removed, the 
vessels were ligated, and the neck incision was closed with 
3-0 silk suture. Animals undergoing sham procedure had 
their vessels exposed only. The mortality rate of this hem- 
orrhagic shock model was approximately 15%; all deaths 
occurred within 24 hours after shock, and these animals 
were excluded from analysis. 


Bacteriology 


S. aureus, 502A (ATCC 27172, American Type Culture 
Collection, Rockville, MD) was maintained on trypticase 
soy agar at 4 C. Before being used, the bacterium was 
grown overnight in trypticase soy broth at 37 C, washed 
twice, and resuspended in normal saline. Bacterial con- 
centration was determined by measuring optical density 
at 620 nm and was confirmed by serial dilution and back- 
plating on trypticase soy agar. 


Experimental Infection 


One hour after the completion of resuscitation from 
shock or a sham procedure, the dorsal fur of the animal 
was clipped and five separate inocula of either 1 X 10°, 1 
xX 108, or 1 X 10!° colony forming units (CFU) of S. aureus 
in a volume of 0.25 ml saline were injected subcutaneously 
into the back of each animal. The animals were allocated 
into five treatment groups: 1) control (no antibiotic), 2) 
standard dose prophylactic cefazolin sodium (CEF), 
(Smith, Kline & French, Philadelphia, PA), 30 mg/kg IP, 
30 minutes before and 4 hours after inoculation (SHORT), 
3) CEF, 30 mg/kg IP, 30 minutes before and 4 hours after 
inoculation and every 8 hours thereafter for 3 days 
(LONG), 4) high-dose CEF, 200 mg/kg IP, 30 minutes 
before and 4 hours after bacterial inoculation (MEGA) 
and, 5) CEF, 200 mg/kg IP; 30 minutes before and 4 
hours after inoculation, and every 8 hours thereafter for — 
3 days (MEGA-LONG). Thirty minutes after the initial 
CEF dose, using a standard bioassay, tissue antibiotic lev- 
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els were measured in excised subcutaneous tissue of all 
animals.”° 

On Day 7, under anesthesia, rats were killed by cervical 
dislocation. Assessment of the abscesses was made by an 
observer who had no knowledge of either the bacterial 
inoculum or treatment regimen. A dorsal incision was 
made and the skin was reflected. Abscesses were dissected 
from the musculature of the back and their diameters 
were measured in situ with a micrometer. The lesions 
then were excised from the skin and weighed. 


Antibiotic Sensitivity 


Abscesses excised from animals of the MEGA group 
that were subjected to hemorrhagic shock and injected 
with 10° S. aureus were placed in mannitol salt broth, a 
semi-selective media for staphylococci, and were incu- 
bated at 37 C for 48 hours. Pure cultures of S. aureus 
were recovered from all abscesses. The bacteria were cen- 
trifuged and resuspended in 2.0 ml of a 1:1 solution of 
fetal calf serum and glycerol and frozen at —70 C until 
assayed. The stock culture was incubated under identical 
conditions. 

Antibiotic sensitivity was assayed by the following 
methods. One hundred microliters of the thawed bacterial 
suspension that were recovered from either an abscess or 
the stock culture were placed in 9 ml trypticase soy broth 
and incubated at 37 C for 18 hours. Bacteria were washed 
in normal saline and resuspended in trypticase soy agar 
at a concentration of 1 X 10’ CFU/ml. Six ml of the 
bacterla-agar suspension were plated in standard petri 
dishes. Antibiotic discs containing serial dilutions of CEF 
from 100 to 3.125 ug were placed on the agar and then 
incubated at 37 C for 18 hours. Zones of inhibition of 
bacterial growth were measured by an antibiotic zone 
reader (Fisher Scientific, Lexington, MA) and expressed 
in millimeters. Each concentration of CEF was plated in 
quintuplicate, and the mean zone was expressed. Twenty- 
five microliters of the thawed bacterial suspension were 
plated in duplicate directly onto trypticase soy agar con- 
taining 0.125, 0.25, 0.5, and 1.0 ug of CEF per ml of agar. 
Plates were incubated at 37 C overnight and the pattern 
of growth recorded. 

Statistical comparisons of abscess numbers were made, 
using Fisher’s exact test. Abscess diameter and weight were 
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TABLE 1, Effect of 10° S. Aureus, Hemorrhagic Shock and CEF on 
Abscess Number, Diameter, and Weight 


No Shock Shock 
Abscess Control Short Control Short Long 
(n = 20) 8 Q* 11 0* o* 
Diameter (mm) 59+ 12 — 64+ 19 — -< 
Weight (mg) 86 +28 — 134 +73 — amne 


* p < 0.05 vs. control. 


expressed as the mean value, and standard deviations were 
calculated. These values were compared through the use 
of a previous analysis of variance based on the Tukey- 
Kramer HSD test. Significance was set a priori at p < 0.05. 
This study was reviewed and approved by the University 
of Louisville Animal Care Committee. 


Results 


The results for each bacterial inoculum are summarized 
in Tables 1~3. Hemorrhagic shock significantly increased 
the susceptibility to infection compared with the un- 
shocked controls; however, the magnitude of change was 
related to the number of bacteria injected. At the lowest 
inoculum, shock resulted in a small increase in abscess 
number, with a minimal increase in size. With an inoc- 
ulum of 10° bacteria, abscess diameter increased signifi- 
cantly compared with unshocked animals. After shock, 
inoculation with 10'° S. aureus resulted in a mortality 
rate of 100%, compared with that of unshacked ani- 
mals (20%). 

The amount of bacterial contamination also affected 
the results of antibiotic treatment. In the rats given 10° 
S. aureus, SHORT eliminated infection in both shocked 
and unshocked animals. After the 10° inoculum, SHORT 
decreased abscess number, diameter, and weight in un- 
shocked animals. After hemorrhagic shock, this antibiotic 
regimen did not decrease the incidence of abscess for- 
mation, and although abscess diameter was reduced com- 
pared with that of untreated rats, it remained greater than 
in unshocked animals receiving the same regimen (p 
< 0.05), Compared with control and SHORT, prolonged 
antibiotic administration (LONG) decreased abscess. di- 
ameter and weight in shocked rats. Although abscess 


TABLE 2. Effect of 10° S. Aureus, Hemorrhagic Shock, and CEF on Abscess Number, Diameter, and Weight 


No Shock 


Shock 


Abscess Control Short Long Mega Mega-Long Abscess Control Short Long Mega Mega-Long 
(n = 20) 20 ga ND 3t 3t (n = 20) 20 20 16 Il 4t 
Diameter (mm) 1hO+ 1.9 62+ 1.3% ND 2.8 + 0.6T 2.3+40.6¢ Diameter (mm) 42+ 2.2 99+ 1.4" S64 2.7t 5.6% 16t 4.2 = 1.9f 
Weight (mg) 40t +147 129 + 40* ND 17 +7f 24 + &t Weight (mg) SII 5135 194 +71" 92 + 82* 73 +t 46" 32 + 30t 


* p< 0.65 vs. control. 
tp < 0.05 vs. control and short. 


+p < 0.05 vs. all other groups. 
ND = not done, 
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TABLE 3. Effect of 10'° S. Aureus, Hemorrhagic Shock, and CEF on Mortality, Abscess Diameter, and Weight 


No Shock 
Abscess Control Short Long Mega Mega-Long 
Mortality 
no, (%) 3 (60) 0 ND 0 0 
Diameter 
(mm) 19.4% 4,3 190+ 4.1 ND 139+ 19° 14.14 2,0° 
Weight (mg) 721 + 144 712 +214 ND 777 +214 619 +144 


*p < 0.05 vs. control. 


number was also reduced, this was not statistically sig- 
nificant. MEGA almost completely eliminated infection 
in unshocked animals, and infection was not reduced fur- 
ther by extending treatment with MEGA-LONG. After 
hemorrhagic shock, MEGA reduced the number of ab- 
scesses compared with SHORT. MEGA-LONG further 
reduced the number of abscesses, and size was further 
decreased by MEGA-LONG. 

In the 10!° group, the tested regimens eliminated mor- 
tality in unshocked rats, whereas MEGA and MEGA- 
LONG reduced abscess diameter but did not change 
weight. All antibiotic regimens decreased mortality after 
hemorrhagic shock, but had no effect on abscess forma- 
tion. 

Tissue cefazolin levels were 28.1 + 3.3 ug/g and 8.3 
+ 2.3 ug/g 30 minutes after 200 mg and 30 mg doses, 
respectively. This greatly exceeded the minimal inhibitory 
concentration (MIC) for the S. aureus used (<0.15 
pg/ml). 

Nine abscesses were harvested from shocked animals 
inoculated with 10° bacteria and given MEGA. Zones of 
inhibition of growth were plotted for each abscess. Four 
of the abscesses demonstrated antibiotic sensitivity that 
was similar to the stock culture. The abscesses contained 
S. aureus that had an increased resistance to CEF and 
one abscess displayed complete resistance to CEF. Due 
to inconsistent growth, the antibiotic sensitivity of the 
bacteria from two abscesses could not be determined. 

Passage of resistant bacteria in culture has been reported 
to result in the re-emergence of the faster growing anti- 
biotic-susceptible organisms.*° Plating the bacterial sus- 
pension on CEF-containing agar demonstrated four ab- 
scesses that were resistant to this drug. This included one 
lesion that had a similar susceptibility pattern to the stock 
culture when assayed by the other method which included 
incubation. The stock culture also showed a small but 
definite population of resistant organisms. 


Discussion 


This study demonstrates the interrelationships between 
three factors that influence infection: the degree of bac- 
terial contamination, the capability of host defenses, and 


Shock 
Abscess Control Short Long Mega Mega-Long 
Mortality 
no. (%) 6 (100) 1 (20) 0 0 ND 
Diameter f 
(mm) e. 190+ 2.3 223+ 2.4 204% 2.1 ND 
Weight (mg} one 704 + 342 848 + 283 827 + 486 ND 


ND = not done. 


the pharmacokinetics of the particular antimicrobial ad- 
ministered. Our results indicate that increasing both the 
dose and the duration of drug is more effective in pre- 
venting experimental S. aureus infection after hemor- 
rhagic shock. 

A bacterial infection results when a sufficient number 
of microorganisms successfully invade and replicate in a 
susceptible host. The absolute number of invading bacteria 
is a major determinant in the development of infection. 
In all groups, abscess frequency and diameter was directly 
related to the inoculum of S. aureus. Clinical studies also 
have shown that the incidence of incisional infection is 
related to the number of bacteria present in the wound 
cultured at the time of closure.*° These invading bacteria 
are attacked and killed by local and systemic host defenses. 
As the degree of bacterial contamination is increased, even 
normal host defenses can be overwhelmed. The mortality 
in both shocked and unshocked animals seen when the 
inoculum was increased from 108 to 10'° bacteria serves 
to illustrate this point. 

Conversely, as host defenses are depressed, fewer bac- 
teria are necessary to create an infection. Miles and Nivens 
demonstrated that dehydrational shock secondary to an 
intraperitoneal injection of hypertonic glucose increased 
the virulence of an intradermal staphylococcal infection 
fifty-fold.'® The administration of a vasoconstrictor such 
as epinephrine at the site of bacterial inoculation produced 
similar results. In later studies, Miles and co-workers 
showed that the time relationship between hypovolemic 
shock or epinephrine administration and the bacterial in- 
oculation was critical.!™!8 The resulting bacterial lesion 
only could be modified during a short period of time (4- 
6 hours) after bacterial inoculation, and when animals 
were shocked or given epinephrine after that period, no 
further alteration of infection occurred. Miles termed this 
phenomenon the “decisive period for infection” and de- 
fined it as the period of time after the primary lodgement 
of bacteria that manipulation of host defense factors could 
impact on the ultimate course of the infection. 

Polk and Miles have characterized the pattern of bac- 
terial elimination and regrowth during the decisive pe- 
riod.” Using bacteriophage-labeled Escherichia coli, they 
demonstrated that 95% of a bacterial challenge was elim- 
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TABLE 4, Comparison of MAN and CEF on Abscess Number, Diameter, and Weight 
No Shock Shock 
Abscess Control* MAN CEF Control* MAN CEF 
No. Present/Total 40/40 11/20+ 9/20+ 40/40 20/20 20/20 
Diameter (mm) 11L3 £ 23 46 t 3.8t 62+ 1.3 142+ 2.0 130+ 1.9 99+ 1.4f 
Weight (mg) 495 +200 103 + 97} 129 +40+ 609 + 250 491 +152 194 + 654 


* Data pooled from two experiments. 
t p < 0.05 ys. control. 


inated by local host defenses during the 4-hour decisive 
period. The remaining bacteria replicated between 5 and 
7 hours after primary lodgement, and if a sufficient num- 
ber of bacteria could not be eliminated by host defenses, 
an infection ensued. Local vasoconstriction induced by 
epinephrine and hypovolemic shock led to actual bacterial 
growth instead of elimination during the decisive period, 
resulting in a larger lesion size. Unlike patients treated in 
clinical practice, animals subjected to dehydrational shock 
were not resuscitated. Furthermore, the studies of Miles 
differ from ours because they specifically examined local 
host defense factors during a short period after bacterial 
challenge. Previously, we demonstrated that despite re- 
suscitation, hemorrhagic shock both increased and pro- 
longed the susceptibility to S. aureus wound infection.'” 
Wounded rats inoculated with 10° S. aureus 72 hours 
after shock had an infection rate similar to animals 
wounded at 1 hour after shock. This sustained suscepti- 
bility to infection after hemorrhagic shock was not in- 
vestigated by Miles, but our data suggests that shock may 
prolong the decisive period for infection. 

The resuscitation of shocked animals with both shed 
blood and saline equates our model more closely with 
injured patients who sustain blood loss and bacterial con- 
tamination. Esrig et al. have demonstrated that a sublethal 
inoculum of E. coli became uniformly fatal after resus- 
citated hemorrhagic shock in rats,’ and Stephan and col- 
leagues have reported that mice resuscitated from shock 
were more susceptible to experimental peritonitis than 


unshocked controls.”? Since shock results in multiple im- . 


munologic derangements,’ it is probable that hemor- 


rhagic shock alters local host defenses by interfering with 
initial bacterial elimination during the decisive period and 
affects systemic host defenses by decreasing the ability to 
kill the bacteria remaining after the decisive period. 

The efficacy and timing of the administration of anti- 
microbial agents to prevent infection is based on a number 
of experimental studies. In two different models of ex- 
perimental infection, Burke? and Altemeier and 
Alexander” demonstrated that antibiotics given before 
or within 1 hour after bacterial challenge effectively de- 
creased the extent of the experimental infections. These 
authors hypothesized that antibiotics greatly increased the 


tp < 0.05 vs. control and MAN. 


elimination of the initial bacterial inoculum, a theory later 
confirmed by Polk et al. on using bacteriophage-labeled 
E. coli?’ Gerber demonstrated that, in mice pretreated 
with gentamicin, over 99% of the susceptible Pseudo- 
monas aeruginosa were killed within | hour after an in- 
tramuscular challenge.”® 

In the present experiment, standard cefazolin prophy- 
laxis (SHORT) decreased infection in unshocked animals 
at both 10° and 10° inocula. At a higher bacterial chal- 
lenge, SHORT was ineffective in reducing abscess number, 
thus reinforcing the principle that antibiotic management 
alone does not substitute for open treatment of severely 
contaminated wounds. Our previous experimental work 
demonstrated that, after shock, a standard prophylactic 
antibiotic regimen was ineffective in reducing infection, 
despite resuscitation and the presence of drug levels in 
the tissue greatly exceeding those recommended for killing 
bacteria.” In the current study, the efficacy of SHORT 
after shock was clearly related to the degree of bacterial 
challenge. SHORT was effective in shocked animals in- 
oculated with 10° bacteria. This indicated that the number 
of bacteria alive after the decisive period was small enough 
that they could be effectively eliminated by shock-im- 
paired host defenses. At 108 inoculum, SHORT was 
markedly less effective in reducing abscess number, size, 
and weight, compared with this same regimen given to 
unshocked animals. SHORT did reduce the mortality as- 
sociated with 10!° bacteria when compared with controls; 
however, there was no effect on abscess formation. 

Recent randomized, prospective clinical trials com- 
paring antibiotic regimens after abdominal trauma have 
not shown benefit from the administration of standard 
antibiotic regimens in patients sustaining hemorrhagic 
shock.*!3 Careful analysis of these studies demonstrate a 
30-37% infection rate in patients who sustained hemor- 
rhagic shock after trauma, compared with an 8-15% in- 
fection rate in normotensive patients. This is comparable 
to the infection rate that results after abdominal trauma 
when no antibiotics are used and demonstrates that stan- 
dard antibiotic dose and schedule are ineffective in patients 
who have sustained shock and bacterial contamination.® 

The relationship between antibiotic pharmacokinetics 
and the successful treatment of bacterial infection is de- 
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termined by the amount of drug present at the site of 
infection, how long the drug is present, and how sensitive 
the bacteria are to the drug being used. Other factors, 
such as postantibiotic effect and postantibiotic leukocyte 
enhancement, which may enhance the elimination of 
bacteria, do not greatly influence the efficacy of cepha- 
losporins. In a study of severe gram negative infections, 
Moore demonstrated that high peak aminoglycoside con- 
centration/MIC ratios significantly increased clinical ef- 
ficacy of that antibiotic.” Bodey has shown that a constant 
infusion of cefamandole, which resulted in a sustained 
high serum drug level, resulted in a lower infection rate 
than when the same quantity of drug was administered 
in pulsed doses to neutropenic cancer patients.’ 

The importance of antibiotic pharmacokinetics is 
demonstrated when the results for SHORT CEF are com- 
pared to our previous experiment using cefamandole 
(MAN) nafate” (Table 4). Although both drugs were ad- 
ministered at the same dose and schedule (as outlined in 
the “Methods” section), these two drugs were different in 
their measured tissue half-life (MAN, 70 minutes vs. CEF, 
109 minutes) and the minimum inhibitory concentration 
to the S. aureus used (MAN, <0.3 ug/ml vs. CEF, <0.15 
ug/ml). Therefore, the peak antibiotic/MIC ratio of CEF 
was twice as great, and the tissue half-life about 50% longer 
than that of MAN. Data for the control groups in both 
experiments were similar, and these results were pooled. 
In unshocked animals, both CEF and MAN were equally 
effective in reducing abscess number, size, and weight. 
After hemorrhagic shock, MAN did not decrease lesion 
size; however, CEF significantly reduced abscess diameter 
and weight. 

We have adapted these concepts in order to use a larger 
dose of antibiotic therapy to achieve high peak tissue lev- 
els. Alexander and Altemeier”* observed that the prophy- 
lactic administration of large doses of penicillin was more 
effective than smaller “standard” doses in preventing 
staphylococcal wound infections in dogs.*4 Altemeier et 
al. demonstrated that a high dose (96,000 units/kg/day) 
of penicillin improved survival from zero to 100%, com- 
pared with a standard dose (2000 units/kg/day) in guinea 
pigs subjected to experimental gas gangrene.” The su- 
periority of this high dose of penicillin was seen even if 
antibiotic therapy was delayed 6 hours after bacterial con- 
tamination. 

In our unshocked animals, MEGA markedly reduced 
abscess number at the 10° inocula and reduced abscess 
diameter in the 10’° group compared with SHORT. After 
shock, MEGA was superior to both SHORT and LONG 
groups in reducing abscess number, and was superior to 
SHORT in decreasing abscess diameter at the 10° inoc- 
ulum. This was not due to the total amcunt of CEF given, 
since equivalent amounts of drug were administered in 
both MEGA and LONG groups. Both standard and high- 
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dose tissue antibiotic levels were significantly greater than 

the MIC for the S. aureus; however, peak MEGA levels 

were 188 times the MIC to S. aureus compared to 55 

times for SHORT or LONG. Larger doses of antibiotic 

also increased the amount of time that therapeutic tissue 
levels were maintained. Since the tissue half-life for CEF 

was 109 minutes, MEGA provided levels more than ten 

times the MIC for approximately 7-8 hours, or the entire 

interval between doses, compared with 4-5 hours for 

standard therapy. 

Dellinger et al. have demonstrated that a 1-day course 
of antibiotics is no different than 5 days of administration 
of drug to patients after penetrating abdominal trauma.’ 
In normal animals, the use of a 3-day course of CEF was 
no better than a short course of drug at the same dose 
(data not shown). However, after an inoculum of 10° or- 
ganisms in shocked animals, both LONG and MEGA- 
LONG were superior to SHORT and MEGA, respectively. 
Miles has shown that the size of an infective lesion is 
affected by recruitment of phagocytes and other systemic 
host defense factors." Hemorrhagic shock decreases the 
delivery of neutrophils to the bacterial inoculum.*’ If 
hemorrhagic shock increases the decisive period of infec- 
tion, then the administration of LONG and MEGA- 
LONG may represent appropriate antibiotic use after 
shock when sufficient contamination justifies its use. In 
shocked animals given 10° bacteria, LONG and MEGA- 
LONG were as effective as SHORT and MEGA in un- 
shocked rats given the same inoculum. MEGA-LONG 
maintained high tissue CEF/MIC ratios throughout its 
course. Its improved efficacy may be due to a greater and 
sustained reduction in the bacterial inoculum, as opposed 
to standard doses and timing of antibiotics in which a 
nadir of ineffective or no antibiotic levels exist. 

The failure of antibiotic therapy can also be due to the 
emergence of resistant organisms and not necessarily to 
the failure of antibiotic delivery. The minimal inhibitory 
concentration (MIC) is defined as the quantity of anti- 
biotic necessary to inhibit growth of a defined number of 
organisms (10°) at 24 hours. Bacterial growth occurs when 
incubation is continued beyond 24 hours despite the fact 
that these cultures previously appeared sterile. This growth 
can be explained by the heterogeneity of bacteria within 
a given strain in which some bacteria have an MIC greater 
than that exhibited by the bacterial population as a whole. 
The growth of a small number of colonies from our stock 
culture on agar containing concentrations of CEF greater 
than the MIC confirms this phenomenon and may explain 
the persistence of infection in some patients, despite the 
presence of antibiotics at a level presumed to be bacteri- 
cidal. Indeed, one half of abscesses tested in shocked rats 
had resistant organisms. Gerber demonstrated a similar 
emergence of resistant P. aeruginosa in neutropenic mice 
treated with a single antibiotic, although this did not occur 
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in mice treated with multiple agents.” Bacteria from three 
of four abscesses demonstrated resistant when plated di- 
rectly on agar were markedly less resistant when cultured 
once in broth. The problem of identifying these resistant 
clones may account for infections that persist despite 
demonstration in vitro that the bacterium is ‘“‘sensitive” 
to the antibiotic betng used. 

Based on this and past experiments examining the dy- 
namics of infection and the interaction of antibiotics, we 
believe the following conclusions are valid. The degree of 
bacterial contamination is the key determinant of whether 
an infection will occur. Standard antibiotic prophylaxis 
is sufficient to combat infection when host defenses are 
normal or when host defenses are abnormal and bacterial 

‘contamination is small. Depression of host defenses pro- 
duced by shock accentuates the importance of antimicro- 
bials in combating infection. In this setting, increasing the 
peak tissue antibiotic/MIC ratio by increasing antibiotic 
dose and duration of therapy decreases the incidence and 
magnitude of infection. Hemorrhagic shock may prolong 
the decisive period of infection, and a longer course of 
drug may be necessary for appropriate prophylaxis against 
infection in this setting. Modification of antibiotic ad- 
ministration by increasing the dose and duration of drug 
decreases experimental S. aureus infection after hemor- 
rhagic shock and deserves further examination in the 
clinical setting. 
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DISCUSSION 


Dr. ROBERT E. CONDON (Milwaukee, Wisconsin): I want to thank 
Dr. Malangoni and his colleagues for their invitation to discuss this paper 
and for their courtesy in seeing to it that I got the paper well in advance 
of the meeting. 

These are, I believe, very important, insightful, and perhaps seminal 
experiments, looking at some very important problems in surgical sepsis, 
particularly the relationship of sepsis to host defenses and to the effect 
of bacterial inoculum. 

Allow me to take a minute to review the principle observations. First, 
in animals receiving an inoculum of bacteria that ordinarily is thought 
to be at or just above the infection threshold, short-term antibiotics sig- 
nificantly reduce the number of abscesses. Long-term antibiotic treatment 
with ordinary doses also reduced the number cf abscesses, but was no 
more effective than short-term antibiotics in that situation. Shock and 
the impaired host defenses that ensued had no effect on this portion of 
the experimental outcome. So at the threshold of infection, short-term 
antibiotic therapy is effective, and longer term and a larger dose of the 
antibiotic and host impairment apparently do not play a very big role. 

But as the dose of bacteria increases, the outcome changes. At 10° 
organisms, a very large number of bacteria, indeed, short-term antibiotics 
decrease the number if shock is absent, but now fail ifthe animals have 
previously been in shock and their host defenses are impaired. Longer- 
term, ordinary-dose antibiotics reduce the size of the abscess, but have 
less impact on thetr numbers, as do large doses of antibiotics administered 
for only a short period of time. Thus, in this setting, large doses of an- 
tibiotics administered for 3 days had the maximum impact on reducing 
_ the numbers of abscesses. 

The largest inoculum, 10'° organisms, is a truly enormous number of 
bacteria. In these days of increasing Federal debt, we toss off big numbers, 
but I don’t think we have a true feel for their impact. To give you some 
notion about the numbers: bacteria at 10 logs is more bacteria in a quarter 
milliliter of saline injected at each site than there are people on the face 
of the earth. At those very large numbers, antibiotics had an impact on 
mortality but no impact on the incidence of abscesses. 

What lessons can we learn from this? I think I should point out that 
these experiments do not truly approach the issues of prophylaxis. It is 
true that antibiotics were administered shortly before the bacteria were 
inoculated, but the numbers of bacteria are sufficiently large to take the 

experimental situation beyond the ordinary context of antibiotic pro- 
phylaxis, which aims to have an impact on reducing the effects of lower 
numbers of bacteria contaminating surgical wounds in the clean con- 
taminated class of operations. 

Because of the number of bacteria, these experiments would have to 
be classified as contaminated and dirty operations. Therefore I have two 
words of caution to make regarding clinical translation of these obser- 
vations-——one relating to toxicity and the other relating to applicability. 

The mega doses used here, 200 mg per kilogram body weight, are 
equivalent to administering 14 g doses of cefazolin to a 70-kg man. If 
this dose is administered three times per day, the patient is receiving a 
total of approximately 42 g per day. Penicillins and cefalosporins are 
safe antibiotics because their locus of action is on the cell wall. Because 
we animals don’t have cell walls, there isn’t very much opportunity for 
toxicity compared with those antibiotics that act at an intracellular site. 
Nonetheless, toxicity—that is, direct cellular toxicity—-with penicillin 
and cefalosporins does occur. It effects primarily the central nervous 
system and results in seizures. The threshold for penicillin toxicity is 
well established at about 50,000 units per day. 

The threshold for cefalosporin toxicity is not well established, but 
these mega doses are approaching that threshold-number. | think that, 
in the clinical situation, one should exercise some caution in increasing 
doses to this magnitude until there is a bit more information about po- 
tential toxicity. 

My other caveat is that we should remember the rules for application. 
The issues approached in these experiments are situations in which host 
defenses are clearly impaired and the bacterial inoculum is very high. 
Under such circumstances, there seems to be a positive effect that might 
be translatable to the clinical situation. 


Dr. BENJAMIN F. RUSH (Newark, New Jersey): There are two things 
I particularly liked about this paper. First, they have used a treated shock 
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model with both return of blood and additional crystalloids; therefore 
the death in the model is less dependent on fluid shifts and more closely 
resembles the human clinical model. Second, the authors have established 
a dose response curve relating to bacterial as well as antibiotic dosage. 

My questions for the authors relate to reports from our own laboratory 
in which we have noted that severely shocked rats populate their own 
blood stream with both gram-positive and gram-negative organisms, both 
during and after hemorrhagic shock, We have also reported the same 
observation in shocked patients in our emergency room. 

- Did your model show any evidence of Staph aureus septicemia in 
addition to the abscess formation, and did the abscess contain only S. 
aureus, or did other organisms appear? 

In view of this comment on autoinfection, I might add a little gratu- 
itously that 10'° may seem like a very large number, but it is at least 1- 
2 logs less than the number of organisms per gram of human stool, so 
there is a reservoir here for the kind of contamination that may require 
this mega dose treatment. 

This is an important paper because, at least in the laboratory, it not 
only confirms the effectiveness of adjuvant antibiotics in the treatment 
of hemorrhagic shock, but it also suggests ways by which this treatment 
may be made even more effective. 

I congratulate the authors on an excellent paper. 


Dr. JOHN R. BORDER (Buffalo, New York): The basic model system 
is that of Miles and Burke, The modifications are a standard period of 
shock and resuscitation, a series of increasing bacterial dosage, and the 
study of progressively increasing dosage and duration of antibiotic ther- 
apy. The evidence is clear at the dosage level of 10° bacteria that increasing 
dosage and duration of specific antibiotic therapy reduce lesion size. 

The question is: what relevance does this have to human? This model, 
although extremely interesting intellectually, has relevance only to stan- 
dardized elective surgery in humans. Such standardized elective surgery 
never includes massive blood loss and shock. The presence of shock 
means that the operation was not conducted in the standardized elective 
surgery mode, but that some complication occurred. 

It has been highly difficult to demonstrate a beneficial effect of anti- 
biotics on traumatic wounds where shock is common. In fact, in such 
traumatic wounds with shock, it is quite clear that the most important 
elements in prevention of wound complications are 1) rapid restoration 
of oxygen transport, 2) the thoroughness with which the wound is excised 
and cleaned (this usually requires two to three changes of sterile gear), 
3) apposition of viable tissue to viable tissue in a way that prevents 
postoperative collection of blood and fluids, 4) operative stabilization of 
any fracture contained in the wound, and 5) antibiotics (albeit with big 
question marks). The role of antibiotics in the prevention of traumatic 
wound infections is open to severe question because there are so few 
studies in which the control groups received no antibiotics. Most such 


studies compare one antibiotic regimen to another in terms of the an- 


tibiotics used or the duration of antibiotic utilization. It is clear in these 
studies that short-term antibiotic utilization works as well as long-term 
antibiotic utilization. It should be noted that these patient studies are 
rarely stratified as to the magnitude or duration of the initial shock state 
and thus do not reflect the conditions studied in the paper. 

The model studied here is highly artificial and has conditions that 
seldom, ifever, occur in man. There is no clinical analogue to the injection 
of a large dose of bacteria into normal tissue. In traumatic wounds, the 
problem is always residual devitalized tissue and hematoma that beth 
supports bacterial growth by providing nutrients and protects the bacteria 
from the normal antibacterial systems as well as from antibiotics. This 
is greatly aided by the decomplementation of wound fluids so that they 
cannot support phagocytosis, but still support bacterial growth. 

Clearly one of the problems of antibiotic access to wound bacteria is 
simply a diffusion barrier produced by devitalized tissue, hematoma, 
and wound fluids. This diffusion barrier is much better overcome by the 
quinolines and, in principle, should be overcome by increased dosage 
and duration of antibiotic utilization. One must wonder what the toxic 
effects of antibiotics used in this way will be. 


Dr. MARK A. MALANGONI (Closing discussion): I would like to thank 
all the discussants for their comments. 
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Dr. Condon has raised some appropriate criticisms of this model, as 


Pe i 
the principles we presently espouse. 

The toxicity of large doses of antibiotics has not been determined in 
man. It has been determined in animals, and the ranges of dose used in 
this experiment were within those ranges of toxicity. 

The applicability of these observations to man is somewhat speculative. 
We have to remember that an increased duration of drug administration 
may be the area where it is applicable first; the concept of increased dose 
will require more investigative work before this type of treatment can 
be instituted in man. 

Dr. Rush, we only saw septicemia when 10!° bacteria were injected, 
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and this was associated with mortality, We did not note any bacteria on 


MAM tl 
these abscesses were pure Staphylococcus aureus. 

Dr. Border, I have already commented somewhat on the questions 
that you have raised. I would only add that some further work in our 
laboratory has been done to try to apply our experiment to a model of 
mixed gram-negative infection, and that our results so far have been 
encouraging, suggesting that it will have some applicability in this area, 
as well. 

This area of high-dose antibiotic use will certainly require considerably 
more investigation before it can be brought to the clinic. However, we 
hope that this work is an initial step in that direction. 





Indications, Surgical Technique, and Long-Term 
Functional Results of Colon Interposition or Bypass 
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Over a 17-year period, 92 patients with esophageal disease un- 
derwent colon interposition or bypass, with each operation per- 
_ formed by the same surgeon. The indication was cure of cancer 
in 20 patients, relief of dysphagia in 55 (cancer in 17 patients 
and benign in 38), loss of gastrointestinal (G.I.) continuity in 
ten, and tracheoesophageal fistula in seven patients (malignant 
in five, benign in 2). The thirty-day operative mortality rate was 
5%, and the hospital mortality rate was 9%. Graft necrosis oc- 
curred in seven of 92 patients, four of whom later underwent a 
successful second reconstruction. Thirteen patients required 
subsequent revisional surgery. In 85 patients, the left colon based 
_ on the inferior mesenteric artery was used, and in seven, the 
right colon was used. Technical insights were gained to help 
preserve the blood supply to the graft and improve its function 
in transporting food. Thirty-four patients were available for in- 
terview 2-17 years after operation (median of 5 years) 28 of 
whom had benign disease, and six of whom had malignant dis- 
ease); 82% of the patients felt they were cured of their preop- 
erative symptoms, 18% improved, and none worsened. Eighty- 
eight per cent of the patients were able to receive an unrestricted 
diet. All patients except one were satisfied with the results. of 
surgery, and, asked what they would do if they had to make the 
choice again, all responded that they would have the operation. 
Twenty-six of the interviewed patients had their eating ability 
evaluated with a test meal and the transit time of a liquid and 
solid barium -bolus measured. Compared to controls, patients 
with colon interpositions consumed a smaller capacity meal over 
a longer period of time and were not dependent on liquids to 
flush the food through the colon graft. A colon interposition pro- 
vides good quality of deglutition, is very durable, and is the organ 
of choice for patients who require an esophageal substitute and 
are potential candidates for long survival. 


replacement or bypass of all or part of the thoracic 


T HE USE OF LONG SEGMENTS of colon, either for 
esophagus, was introduced independently by 
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Kelling! and Vulliet? in 1911. Since then, the colon has 


emerged as a well-functioning and durable esophageal 
substitute.*-> Two critical factors in the success of using 
colon as an esophageal substitute are the adequacy of the 
blood supply to the colon graft used and its ability to 
transport food effectively from pharynx to stomach. Con- 
sequently, seemingly minor judgmental or technical errors 
can have disastrous consequences on the initial viability 
or long-term function of the graft. l 

We have used the colon as an esophageal substitute in 
92 patients. This experience has provided technical in- 
sights for constructing a well-functioning colon interpo- 
sition associated with low morbidity and mortality rates, 
and long-term follow-up studies have substantiated the 
colon as a durable and highly acceptable esophageal sub- 
stitute. 


Population Study 


Patient Population 


Between January 1971 and April 1988, the senior au- 
thor (T. DeMeester) performed a colon interposition or 
bypass in 92 patients with esophageal pathology. Figure 
1 shows our experience with the operation over a 17-year 
period. The age distribution of the patients, as it regards 
the type of disease (i.e., benign or malignant) for which 
the operation was performed, is shown in Figure 2. The 
indications for the operation are shown in Table 1, and 
the etiology of the problem that led to interposition or 
bypass is shown in Table 2. In patients who had carci- 
noma, the operation was performed either for cure or to 
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C interposition 
MM Bypass 


No. of Patients 








77-79 80-82 83-85 86-88 
Years 


71-73 74-76 


Fic. 1. Experience, divided into three year intervals, with colon inter- 
position or bypass over the studied period. (N = 92) 


palliate the symptoms of dysphagia. In patients who had 
a benign etiology, the operation was performed because 
of the severity of dysphagia and the patient’s inability to 
enjoy social eating. In these patients, a number of alternate 
therapies had been attempted before proceeding with 
esophageal resection and colon interposition. Their mean 
preoperative weight was 62.2 + 17.4 kg. In only six in- 
stances was the operation performed in a patient with 
benign disease because of an inability to maintain ade- 
quate nutrition. 

Preoperative evaluation consisted of a barium swallow 
and peroral endoscopy. In patients who had received an 
esophagectomy previously, endoscopic evaluation of the 
pharynx and remaining cervical esophagus was made in 
order to evaluate the site of the proposed proximal anas- 
tomosis. Before the operation, the status of the colon was 
evaluated initially with a barium enema, and by colon- 
oscopy during the last 4 years. The most recent 58 patients 
received preoperative angiography of the superior and in- 
ferior mesenteric arteries to provide the surgeon with pre- 
cise information regarding the vascular supply of the colon 
and help select the segment of colon to be used for the 
bypass or interposition. 


Operative Approach 


In 51 patients, the operation was performed in com- 
bination with a resection of the esophagus, 16 had a prior 
esophagectomy, and 25 had their esophageal pathology 
bypassed. (The indications for the procedures are shown 
in Table 1.) The colon graft was placed in the posterior 
mediastinum in 48 patients, substernally in 38, and sub- 
cutaneously in two. In four patients, the operation was 
abandoned because of immediate graft ischemia. Of those 
patients who had the graft placed in the posterior me- 
diastinum, 19 had the esophageal anastomosis below the 
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C Benign 50 

M/F 30/20 
E Cancer 42 
M/F 31/11 


No. of Patients 
—_ 
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51-60 61-70 71-80 81-90 


Age 


21-30 31-40 41-50 


FIG. 2. The age distribution of patients who underwent a colon inter- 
position or bypass for benign or malignant disease, and their respective 
male:female ratios. 


aortic arch and were performed through a left postero- 
lateral thoracoabdominal incision; 15 had the anastomosis 
above the aortic arch and were performed through a right 
thoracotomy and an upper midline abdominal incision; 
and 14 patients had the esophageal anastomosis in the 
neck and were performed through a right thoracotomy, 
upper midline abdominal, and a left neck incision. Of 
those patients who had the graft placed substernally, a 
tunnel was constructed in 19, with an anastomosis to the 
cervical esophagus in 18 patients, and pharynx in one. Of 
these patients, 13 had the left half of the manubrium and 
sternal head of the left clavicle resected to enlarge the 
thoracic inlet. The remaining 19 patients received a ster- 
notomy, with an anastomosis made to the pharynx (two 
patients), to the cervical esophagus (eleven patients), and 
to the transposed thoracic esophagus below the thoracic 
inlet within the anterior mediastinum (six patients). The 
latter patients did not require resection of the manubrium 
and sternal head of the left clavicle. 

In 85 patients, a left colon graft was used, based on the 
left colic artery and the inferior mesenteric vein. The nor- 
mal arterial supply of the left colon is shown in Figures 
3A and B. In seven patients, a right colon graft was used, 
based on the midcolic artery and superior mesenteric vein. 
The reasons for using the midcolic artery were stenosis 


TABLE 1. Indication for Colon Interposition or Bypass 


Indication Number of Patients 
Cure of cancer 20 
Relief of dysphagia 55 
(Cancer in 17, Benign in 38) 
Loss of G.I. continuity 10 
TEF (Malignant in 5, Benign in 2) 7 
Total 92 
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TABLE 2. Etiology Leading to Esophageal Substitute or Bypass 
Procedure 


eee 


Concomitant Resection 











and Interposition Interposition After Previous Resection Bypass Alone 
Total 
Number of Number of Failed Hospital Mortality Number of Failed Hospital Mortality Number of Failed Hospital Mortality 
Indication Patients Patients Graft <30days >30days Patients Graft <30 days >30days Patients Graft <30days >30 days 
Cancer 42 18 2 l l 8 l l 0 16 l 2 l 
Failed esophageal 

surgery 24 20 l 0 l 3 0 0 0 l 0 0 0 
Benign stenosis 9 6 0 0 0 l 0 0 0 2 0 0 0 
Caustic injury 6 2 l 0 0 2 0 0 0 2 0 0 0 
Advanced motility 

disease 5 5 l 0 0 0 0 0 0 0 0 0 0 
Trauma/ 

Iatrogenic 3 0 0 0 0 | 0 0 0 2 0 0 0 
Benign TEF 2 0 0 0 0 0 0 0 0 2 0 l 0 
Spontaneous 

esophageal 

perforation l 0 0 0 0 l 0 0 0 0 0 0 0 
Total 92 51 5 l 2 16 l l 0 25 l 3 l 
EEE 


of the inferior mesenteric artery upon preoperative an- protect the adequacy of blood supply and improve the 
giography (four patients), a fixed left colon mesentery (one function of the colon transplant. The following description 
patient), malrotation of the colon (one patient), and the of the technique of left colon interposition or bypass in- 


surgeon’s choice (one patient). cludes these developments. The colon is prepared through 
an upper midline abdominal incision unless the esophago- 
Technique of Left Colon Interposition or Bypass colic anastomosis is to be made below the aortic arch. In 


this case, a left posterolateral thoracoabdominal incision 
Over the period of this experience, the senior author is used, and the diaphragm is incised peripherally to allow 
has become aware of a number of technical insights that access into the abdomen for preparation of the colon graft. 
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FIGS. 3A and B. Angiogram showing a selective injection of the inferior mesenteric artery to illustrate (A) the arterial supply of the left colon via the 
ascending branch of the left colic artery and the marginal branch and (B) its venous drainage via the inferior mesenteric vein and superior hemorrhoidal 
veins. 
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FIG. 4. Preparation of a left colon graft by mobilizing the colon and 
displaying its arterial supply and venous drainage. The position of the 
marking sutures, the sites of arterial and venous ligation, the point of 
proximal colon transection, and the incision of the mesentery are illus- 
trated. 


The omentum is dissected off the transverse mesocolon, 
the splenic and hepatic flexures are taken down, and the 
ascending and descending colon are mobilized to the 
midline so that the whole colon from the sigmoid to the 
cecum is free on its mesentery. The ascending branch of 
the left colic artery can be clearly identified when the mes- 
entery is stretched in a cephalad direction by its tendency 
to form a natural pedicle ascending in the direction of the 
splenic flexure adjacent to the ligament of Treitz. Simi- 
larly, the arterial arcades can be seen when the mesentery 
is stretched transversely, as shown in Figure 4. 

The length of the colon graft is measured by tethering 
the colon as much as possible in a cephalad direction on 
the natural pedicle made by the ascending branch of the 
left colic artery (Fig. 5). The tethering artery will usually 
allow the colon to reach up to or slightly above the xiphoid. 
A marking stitch is placed on the antimesenteric border 
of the colon directly opposite the tethering artery. The 
distal colon is usually somewhat redundant if the tethering 
artery is the limiting factor. The anterior chest wall is 
marked at the level of the marking stitch. The distance 
from this point to the level of the planned proximal anas- 
tomosis is measured liberally with an umbilical tape. Using 
the tape, the same distance is measured from the marking 
stitch proximally along the transverse colon and marked 
with a second marking stitch. When the proximal anas- 
tomosis is planned in the neck, the second marking stitch 
will usually lie to the right of the right branch of the mid- 
colic artery; if planned below the aortic arch, the marking 
stitch will lie between the right and left branch. The mar- 
ginal artery and vein are ligated at the point of the second 
marking stitch. The midcolic artery and vein are ligated 
proximal to their right and left branches for long grafts 
(Fig. 4); whereas only the left branch is ligated for short 
grafts. Proximal ligation of the midcolic artery and vein 
is done for long grafts because of the poorly developed 
peripheral arcade between the right and left branches. At 
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Fic. 5. Tethering of the ascending branch of the left colic artery in its 
natural pedicle and the position of the first marking stitch. 


times, this may require excising a button of superior mes- 
enteric artery and vein and suturing the margins together 
in order to maintain patency between the left and right 
branches (Fig. 6). Before ligation and division of the ves- 
sels, it is wise to occlude them temporarily with a small 
bulldog clamp to test the adequacy of the blood supply 
from the left colic artery by palpating a pulse in the prox- 
imal end of the colon graft. Similarly, venous outflow is 
tested by observing that the veins do not become overly 
distended, indicating venous hypertension. If the arterial 
supply and venous drainage is adequate, the arteries can 
be divided. The mesentery is divided as shown in Figure 
4. To properly prepare the colon for anastomosis, the small 


@& 


F. 


6.4.07 


Fic. 6. Illustration of the management of an early branching midcolic 
artery or vein through excision of a button of the superior mesenteric 
artery or vein and suturing together of the margins to maintain the patency 
between the left and right branches. 
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FIG. 7. The boundaries for resection of the manubrium, first rib, and 
sternal head of the left clavicle to increase the size of the thoracic inlet 
when the substernal route is used to bring the colon into the neck. 


end arteries to the colon at the point of its transection are 
divided. The transection of the colon is delayed until later 
in the operation. 

The site of the proximal anastomosis is prepared, either 
within the thorax or neck. If the substernal route is used 
and the anastomosis will lie within the neck, the left half 
of the manubrium, the medial end of the first rib, and 
the sternal head of the left clavicle are removed to increase 
the size of the thoracic inlet (Fig. 7). This is achieved by 
an extra pleural dissection, leaving the intact internal 
mammary artery and vein on the pleural surface. These 
vessels may be a source of blood supply for a free bowel 
graft if there is a failure. The left clavicle is divided just 
lateral to its sternal head by passing a Gigli’s saw under- 
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FIG. 8. The prepared colon graft laid out on the anterior chest wall. 
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neath it at the angle made with the first rib. The bone is 
sawed as close as possible to the angle so that some of the 
costoclavicular ligament is preserved to anchor the re- 
maining clavicle to the first rib. If there is sufficient length 
of proximal esophagus to place the anastomosis below the 
thoracic inlet and the colon graft is long enough to reach 
the neck, the anastomoses is performed in the neck with- 
out resecting the manubrium and sternal head and pulled 
into the substernal space. If the length of the colon is 
insufficient to reach the neck, a mediasternotomy is per- 
formed. In this situation, there is no need to resect a por- 
tion of the manubrium and the left clavicle, since esoph- 
ageal peristalsis in the proximal esophagus will propel the 
bolus into the thorax through the existing thoracic inlet. 

After the site of the proximal anastomosis has been 
prepared, the colon transplant is re-examined in order to 
evaluate the status of its vascular supply. If there is any 
doubt about the adequacy of the arterial supply or venous 
drainage of the graft, the cardiovascular stability of the 
patient, or if the length of the operation has been pro- 
longed because of a concomitant esophageal resection, a 
decision can be made to delay the reconstruction. To do 
sO requires performing a cervical esophagostomy, placing 
all the small bowel through the incision in the transverse 
mesocolon so that it lies cephalad to the transverse colon, 
fixing the transverse colon to the anterior abdominal wall 
in the right lower quadrant, and constructing a feeding 
jejunostomy fixed to the anterior abdominal wall above 
the transverse colon. The mobilized colon is placed un- 
derneath the small bowel and fixed to the abdominal wall 
so that it will not adhere to the denuded posterior peri- 
toneal surfaces left behind by its mobilization. Such an 
adherence can result in a loss of length due to scarring of 
the mesentery and make subsequent mobilization of the 
colon extremely difficult and hazardous to its vascular 
structures. The serosal covering of the small bowel, how- 
ever, envelopes the mobilized colon in a way that allows 
ease of mobilization at a second procedure. This technique 
was used in three of the 92 patients. In each, the colon 
was mobilized easily at the second procedure, did not 
show any evidence of shortening, and had a hardy blood 
supply. 

If it is decided that the procedure should be completed, 
the colon is transected at the site planned, using a GIA 
stapler. The unfolded colon is laid on the anterior chest 
wall to assure there is no twisting of the mesentery (Fig. 
8). The mesentery of the descending and sigmoid colon 
below the pedicle is not divided. This allows additional 
arterial supply to the colon graft through the sigmoidal 
branches of the inferior mesenteric artery via the marginal 
artery. It similarly allows for additional venous drainage 
through the superior and middle hemorrhoidal veins into 
the inferior vena cava via the hemorrhoidal plexus and 
the inferior hemorrhoidal vein. 

The proximal end of the colon graft is sutured inside 
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the funnel of an inverted 14 mm-Mousseau-Barbin tube 
(Porges Catheter Corp., New York, NY). A bowel bag is 
cut so that it can be wrapped around the colon graft and 
tied around the inverted funnel of the Mousseau-Barbin 
tube (Fig. 9). This allows an atraumatic passage of the 
colon through a posterior or substernal tunnel. All tension 
is applied to the bag, which glides through the tissues with 
minimal friction while protecting the colon graft. The ab- 
dominal course of the graft is posterior to the stomach 
and through the esophageal hiatus into the posterior me- 
diastinum or up through the gastrohepatic ligament and 
substernal opening in the diaphragm into the substernal 
tunnel. 

The esophagus is divided at the planned level of the 
proximal anastomosis and the mucosa is fixed to the 
esophageal wall with three or more silk sutures to prevent 
its retraction and aid in the construction of the anasto- 
mosis to the esophagus and colon. Before performing the 
anastomosis, the stapled closure of the proximal end of 
the colon graft is excised. The esophago-colic anastomosis 
is performed with a single layer of permanent 4-0 mono- 
filament interrupted sutures. All knots are tied within the 
lumen, except for the final four or five modified Gambee 
stitches tied on the outside (Figs. 10A and B). 

The colon is placed on sufficient stretch to prevent re- 
dundancy within the chest or in the substernal area, but 
not stretch so excessive as to jeopardize the anastomosis. 
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FIG. 9. The proximal end of the colon graft sutured inside the funnel of 
a Mousseau-Barbin tube and covered with a plastic bowel bag in prep- 
aration for passage through a substernal or posterior mediastinal tunnel. 
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Fics. 10A and B. Construction of an esophago-colic anastomosis using a single layer of permanent interrupted sutures with the knots tied in the 
lumen. Insert illustrates the modified Gambee stitches used for the final four or five stitches that complete the closure. (A) The colon graft has been 
brought up through the posterior mediastinal route. (B) The colon graft has been brought up through the substernal route after the left half of the 


manubrium and sternal head of the left clavicle have been removed. 
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Left crus of esophageal hiatus 





FIG. 11. Anchoring the colon graft to the left crus of the diaphragm in 
order to maintain its straight position and avoid redundancy within the 
chest. 


The straighter the colon, the better its postoperative func- 
tion. It is anchored in its straightened position by sutures 
to the left crura margin of the hiatus (Fig. 11), or the left 
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FIG. 12. Transection of the distal end of the colon graft without dividing 
the mesentery other than 2 cm along its mesenteric border. This avoids 
injury to the marginal artery and preserves additional arterial supply 
and venous drainage. 
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margin of the opening in the diaphragm into the substernal 
tunnel. The colon is not sutured circumferentially around 
the hiatus or the substernal diaphragm opening because 
of the tendency to bow string the colon transversely and 
produce a functional obstruction. When the substernal 
route is used, it is important to avoid kinking the vessels 
to the colon graft on the edge of the diaphragm at the 
entry into the substernal tunnel. This is best managed by 
making a 2-3 cm longitudinal incision into the pericar- 
dium above and below the edge, and closing it in a trans- 
verse plane, similar to a Heineke-Mikulicz pyloroplasty. 
By so doing, the acute angle formed by the diaphragm 
and pericardium is converted to a gentle rounded curve. 

The distal end of the colon graft is transected 10 cm 
below to the diaphragmatic opening. At the site of division, 
the colon is freed from its mesentery for a longitudinal 
distance of 2 cm along its mesenteric border by dividing 
the small end vessels. Care is taken not to injure the mar- 
ginal artery. The colon is transected without dividing the 
mesentery other than just along its mesenteric border (Fig. 
12). This preserves additional blood supply from the mar- 
ginal artery via the sigmoid arteries and venous drainage 
through the hemorrhoidal and sigmoid veins (Fig. 3). The 
distal end of the colon graft is anastomosed to the posterior 
surface of the stomach at a point one third the distance 
between the tip of the fundus to the pylorus. The anas- 
tomosis is performed by rotating the greater curvature of 
the stomach to expose its posterior wall (Fig. 13). It is 
placed in this position to reduce the amount of postop- 
erative regurgitation and the likelihood of developing an 
ulcer in the graft. A double-layer anastomosis is con- 
structed with interrupted 3-0 silk sutures. To reduce the 
possibility of bile reflux gastritis and colitis, a pyloroplasty 
is not performed. Should a pyloroplasty be necessary, it 
is relatively simple to perform at a subsequent procedure, 
since the duodenum and stomach have not been mobi- 
lized. 

Colonic continuity is re-established by bringing the 
previously mobilized right colon over to the distal end of 
the divided colon graft and performing an end-to-end 
double-layer anastomosis with interrupted 3-0 silk sutures 
(Fig. 14). When finished, the colo-colic and the gastro- 
colic anastomosis lie posterior to the stomach in close 
proximity to each other. This is necessary in order to pre- 
serve the arterial supply and venous drainage to the colon 
graft from the sigmoid arteries and by the hemorrhoidal 
veins via the marginal artery and vein. The descending 
and sigmoid colon mesentery is not divided. The mes- 
entery of the right colon is sutured to the mesentery of 
the descending colon to avoid an internal hernia. An in- 
tramural feeding jejunostomy tube is inserted 25 cm distal 
to the Treitz ligament. This allows for early postoperative 
feeding with gradual withdrawal of nutritional support as 
an adequate oral diet is resumed. 
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Perioperative and Postoperative Evaluation 


The perioperative evaluation was obtained by a retro- 
spective review of the patients’ hospital records. Particular 
attention was focused on operative mortality (i.e., death 
within 30 days of the operation), hospital mortality, the 
reason for failure to re-establish gastrointestinal (G.I.) 
continuity, the occurrence of anastomotic leaks, and sig- 
nificant postoperative complications. The incidence for 
the need of revisional surgery and the occurrence of anas- 
tomotic stenosis emerged during postoperative outpatient 
visits that was obtained from a retrospective review of the 
patients’ office records. Patients who did well or who lived 
a considerable distance from the senior author’s office 
were seen less frequently as the postoperative years in- 
creased. The uniqueness of the nature of their illness and 
surgery were such that subsequent encounters with other 
physicians regarding G.I. complaints resulted in phone 
inquiries to the senior author’s office or a written request 
for information. Consequently, we are confident of the 
accuracy of our data regarding late postoperative com- 
plications that required revisional surgery. 


Long-term Clinical Evaluation 


We attempted to contact all patients who had had their 
operation 2 or more years before the study. We were suc- 
cessful in reaching 34 unselected patients who had ex- 
perienced eating with a colon interposition for 2-17 years 
(median of 5 years). The indication for their colon inter- 
position was benign disease in 28 and curable malignant 
disease in six. They were interviewed in person or by 
phone. A standard questionnaire was used to assure con- 
sistency and completeness of the evaluation. Questions 
were directed towards assessing the patient’s eating habits, 
ability to swallow, and symptomatic side effects of the 
operation. The patients were also asked to give their own 
evaluation of the success of the operation. Each patient’s 
current body weight was obtained and the weight gained 
or lost was calculated from the preoperative weight re- 
corded in the hospital or office record. 


Long-term Functional Evaluation 


Twenty-six of the 34 patients who were interviewed 
volunteered to have postoperative function studies. All 
received a left colon interposition using the posterior 
mediastinal route. The function studies consisted of a 
fluoroscopically measured transit time of liquid barium, 
barium burger, and acidified liquid barium between 
pharynx and stomach, and the ability to consume a test 
meal. The function studies were performed at a median 
of 5 years after the operation, with a range of 2-12 years. 
Similar studies, with the exception of the transit time of 
acidified barium, were performed on twelve asymptomatic 
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FIG. 13. Anastomosis of the distal end of the colon graft to the posterior 
wall of the stomach at a point one third the distance between the tip of 
the fundus to the pylorus. 
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FIG. 14. Anastomosis of the right colon to the distal left colon is performed 
in close approximation to the completed gastro-colic anastomosis. 
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TABLE 3. Failure to Establish G.1. Continuity 
Postop 
Day Procedure Cause Outcome 
0 Prep of graft Ven obst Death* 
0 Prep of graft Ven obst Skin tube interpo 
0 Prep of graft Sten IMA Jejuno interpo 
0 Prep of graft Malrot No bypass 
12 Comp interpo Ven obst Jejuno interpo 
l Comp interpo Ven obst Stomach pull-up 
12 Comp interpo Sten IMA Death 


* Compromise graft retained in abdomen for second look. 

Prep of graft = preparation of colon graft. Comp = completed. Ven 
obst = venous obstruction. Malrot = malrotation of the colon. Sten IMA 
= stenosis of the inferior mesenteric artery. Jejuno = jejunum. Interpo 
= interposition. 


control subjects in order to obtain normal values for com- 
parison. 

The transit time of a standard liquid barium suspension 
(20 ml), acidified liquid barium (20 ml), and a solid bar- 
ium bolus (one large bite, well-chewed), was measured in 
the fasting state, using a digital time signal superimposed 
on the fluoroscopic screen and recording the time from 
the initiation of the swallow to the time that all the contrast 
left the colon graft and entered the stomach. The acidified 
barium was prepared by mixing 0.5 ml of concentrated 
hydrochloric acid (37%) with 100 ml of a standard barium 
liquid suspension and adding additional acid to adjust the 
PH to 1.7 using a pH meter. The solid barium bolus was 
prepared by mixing hamburger with barium powder and 
frying the hamburger in the form of a patty. The patients 
were studied in the upright position. In both tests, the 
patient indicated when he was ready to swallow by raising 
his left hand. If the liquid or solid barium bolus failed to 
clear within 60 seconds, the patient was given 10 cc of 
room temperature water at 20-second intervals until the 
barium cleared. The test was continued for a total of 4 
minutes. The results were based on the mean of three 
swallows with liquid barium and two swallows with solid 
barium. 

The test meal consisted of three parts: 1) one cup of 
macaroni and cheese and one-half cup of green beans 
cooked and served at eating temperature, 2) one roll and 


TABLE 4. Anastomotic Failure 





Leak Stenosis 
Number of Patients Number of Patients 
Location (N = 85) % (N = 85) % 
Esophago-colic 3 4 2° 2 
Colo-gastric 0 0 2 2 
Colo-colic l 1 0 0 
Total 4 157 4 1.57 





* Associated with leak in one patient. 
+ Calculated from a total of 255 anastomoses in 85 patients. 
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one teaspoon of margarine, and 3) two peach halves with 
one ounce of pound cake. The total caloric content of the 
meal was 824 calories. The patients and subjects were 
instructed to ingest each part of the meal in a socially 
acceptable manner and as quickly as possible without 
causing discomfort. Each part of the meal was presented 
with a 6-ounce glass of water, but more water could be 
obtained if desired. The time required for eating as well 
as the amount of water needed for each part of the meal 
were recorded. Each successive part of the meal started 
as soon as the previous part was finished. The time be- 
tween the beginning and end of the meal, or when the 
individual stated that he had had enough, was recorded. 
The amount of food and water not ingested were mea- 
sured. From this data, the meal capacity (percentage of 
available calories consumed), eating time (minutes to 
consume 100 calories), and the liquids required (cubic 
centimeters of water per 100 calories consumed) were cal- 
culated. 


Results 
Overall Operative Results 


Of the 92 patients in whom colon interposition or by- 
pass was attempted, the procedure was successful for 92%. 
In seven patients, G.I. continuity was not accomplished 
because of intraoperative graft ischemia in four patients, 
and postoperative graft necrosis in three patients. The 
cause for these failures is shown in Table 3. Of the four 
patients who developed intraoperative graft ischemia, one 
died of sepsis. In this patient, the colon graft, because of 
its questionable viability, was not interposed, but was re- 
tained in the abdomen as a blind colostomy in anticipation 
of doing a second look in 24 hours. Of the three patients 
who developed postoperative graft necrosis, one died of 
sepsis. In four of the seven patients, G.I. continuity was 
subsequently established by a second procedure using je- 
junum (in two patients), stomach (in one patient), and a 
skin tube (in one patient). Nothing further was performed 
in the patient with a failed bypass. Six of the seven patients 
had their colon graft based on the left colic artery; in one, 
who had a complete malrotation of the colon, a right colon 
graft based on what appeared to be the midcolic artery 
was the only choice. 

Table 4 shows the number of failed anastomoses of 255 
performed in the 85 patients whose colon graft survived. 
There were four leaks and four stenoses. All leaks occurred 
in patients who had a right colon graft based on the mid- 
colic artery. In the three patients who developed an eso- 
phago-colic anastomotic leak, the anastomosis was in the 
anterior mediastinum. In our total experience, there were 
six anterior mediastinal anastomoses, and three leaked. 
All healed spontaneously. The four stenoses were initially 
dilated, but eventually required surgery. All were suc- 
cessfully revised. Of the two esophago-colic stenoses, one 
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was due to a leak, the other medication-induced. Of the 
two colo-gastric stenoses, one was due to bile reflux colitis 
and the other to ischemia. All other anastomoses healed 
normally and did not require dilation. 

Table 5 shows the operative and hospital mortality in 
relationship to the type of procedure. The highest oper- 
ative and hospital mortality occurred in patients who un- 
derwent bypass and reflects the severity of their disease 
rather than the difficulty of the procedure. In two patients, 
the operative mortality was caused by graft necrosis, in 
two who had a preoperative tracheoesophageal fistula, the 
cause was respiratory failure, and in one, it was congestive 
heart failure. The hospital mortalities were due to respi- 
ratory failure in a third patient with a preoperative tra- 
cheoesophageal fistula, a pulmonary embolus in one, and 
metastatic cancer in one. 


Postoperative Complications 


Table 6 lists the significant postoperative complications 
other than graft necrosis or anastomotic leaks. Postop- 
erative bleeding that required surgical exploration oc- 
curred only in patients who had a concomitant esophageal 
resection. A sternal infection occurred in five of the 21 
patients who had a mediasternotomy, and in three pa- 
tients, the cause was a leak of an anastomosis in the an- 
terior mediastinum. 


Revisional Surgery 


The indications for revisional surgery in 13 patients are 
listed in Table 7. Three patients required a bile diversion 
procedure for reflux gastritis or colitis that was unrespon- 
sive to medical therapy. All three of these patients had a 
pyloroplasty either before or concomitantly with their co- 
lon interposition. Thirty-four patients, all with benign 
disease and a probable vagotomy after esophageal resec- 
tion, had a nonresected stomach at the completion of the 
procedure. In 19, a previous pyloroplasty had been per- 
formed, or, if it had not been performed, a pyloroplasty 
or myotomy was performed with the interposition. In 15 
patients, no pyloric procedure was performed. Of the latter 
patients, three required a subsequent pyloroplasty because 
of delayed gastric emptying. Before the routine resection 
of the left half of the manubrium and the sternal head of 
the left clavicle when using the substernal route, one pa- 
tient developed sternoclavicular compression and ob- 
struction of the colon graft. This has not occurred after 
its routine resection. Two patients developed bowel ob- 
struction due to intestinal adhesions. 


Long-term Clinical Evaluation 


Table 8 shows the eating habits of the 34 patients who 
were specifically interviewed in obtaining a long-term 
functional evaluation of their colon interposition. Their 
swallowing ability is shown in Table 9. Of significance is 
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TABLE 5. Mortality 


Operative (N = 92) Hospital (N = 92) 


Procedure (%) (%) 
Resection and interposition 1 of 51 (2) 3 of 51 (6) 
Interposition alone 1 of 16 (6) 1 of 16 (6) 
Bypass 3 of 25 (12) 4 of 25 (16) 
Total 5 of 92 (5) 8 of 92 (9) 

TABLE 6. Postoperative Complications {N = 92) 

Cause Number of Patients % 
Reoperative bleeding 6 6.5 
Perforated diverticulum l 1.1 
Sternal infection 5 5.4 
Wound separation 2 2.2 


TABLE 7. Revisional Surgery (N = 92) 


Indications Number of Patients 
Anastomotic stenosis 

Redundant colon 

Bile reflux gastritis or colitis 
Sternoclavicular compression of colon 
Incisional hernia 

Delayed gastric emptying 

Bowel obstruction 
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TABLE 8. Long-term Follow-up: Eating Habits (N = 34) 


Number of meals per day 
Estimated meal capacity 


3 (range 2-8) 


Cup 18% 
Airline meal 30% 
Steak dinner 52% 
Unrestricted diet 88% 


TABLE 9. Long-term Follow-up: Swallowing Ability (N = 34) 


Percentage of 


Patients 
Require liquids with meal 35 
Last to finish meal 53 
Sensation of hold-up* 18 
Pain with swallowing 6 
Choking with swallowing 6 


Recovery timet 2 mos (range 1-24) 


* No patients required dilatation. 
f Return of good swallowing. 


TABLE 10. Long-term Follow-up: Side Effects of Operation (N = 34} 


Related to Colon Interposition Related to G.I. Function 


Number of Number of 
Side Effect Patients Side Effect Patients 
Nocturnal regurgitation 6 Diarrhea 3 
Gurgling 4 Dumping 2 
Early satiety 5 Nausea 4 
Bad breath i Bloating 3 
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that a median of 2 months was required for the patients 
to recover their swallowing ability. None of the patients 
required dilatations after the operation. 

Significant side effects of the operation occurred in 15 
patients. They were related to G.I. function in four pa- 
tients, to the function of the colon interposition in seven 
patients, and to both functions in the remaining four. The 
detailed symptoms are given in Table 10. For the most 
part, these symptoms were mild. Only diarrhea and noc- 
turnal regurgitation required specific treatment; diarrhea 
necessitated paregoric, and regurgitation necessitated ele- 
vation of the head of the bed. 

Figure 15 shows the patient’s change in weight after 
the operation. As many patients gained as lost. Of the 
seven patients who had more than a 75% gastrectomy, six 
lost weight after the operation and never regained their 
preoperative weight. The patient with the most profound 
weight loss had a total gastrectomy. Table 11 shows the 


patients’ evaluation of their operative results; all believed - 


that they were improved or cured by the operation and, 


TABLE 11. Patients’ Evaluation of Operative Results 


Percentage of Patients 


Cured by operation 82 
Improved by operation 18 
Worsened by operation 0 
Satisfied with operation 97 
Would have operation again 100 


DEMEESTER AND OTHERS 


Ann. Surg. » October 1988 






—= Normals 12 k 
-== Patients 25 je 


Percent of Population 





10 20 30 40 50 60 70 80 90 1 


Percent of meal consumed 


Fic. 16. The meal capacity in patients with a colon interposition com- 
pared to normal subjects. The test meal consisted of 824 calories. 


when asked what they would do if they had to make the 
choice again, all responded that they would have the op- 
eration. 


Long-term Functional Studies 


The ability of 26 patients to eat a test meal was mea- 
sured. One patient was excluded because of cricopharyn- 
geal dysfunction related to previous laryngeal surgery. The 
results are shown in Figure 16. All of the patients were 
able to consume at least 20% of the meal, 65% were able 
to consume 80% of the meal, and 30% were able to con- 
sume the entire meal. All of the normal subjects were able 
to consume the whole meal. 

Figure 17 shows the rate of eating, as measured in min- 
utes, required for consuming 100 calories. The median 
time for control subjects was 1 minute versus 3 minutes 
for the patients. The longest time for controls was 1.75 
minutes, whereas for patients it was 6.25 minutes. Figure 
18 shows that there was no difference between patients 
and control subjects in the amount of water required to 
consume 100 calories. Taken together, the results of the 
test meal show that, in comparison with normal subjects, 
patients with a colon interposition consumed a smaller 
meal over a longer period of time, but are not dependent 
on liquids to flush the food through their interposed colon. 

Figure 19A shows that controls were able to transport 
20 cc of liquid barium through their esophagus within 10 
seconds (mean of 5 seconds). Patients, on the other hand, 
required up to 180 seconds (mean of 40 seconds). Transit 
time was statistically increased when the barium was 
acidified: 57.1 + 47.8 seconds for liquid barium versus 
41.5 + 42.9 seconds for acidified barium (p < 0.05). Two 
patients were excluded because of technical difficulties. 

The ability of the colon to transport solids was evaluated 
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with a barium burger. Controls had a median solid transit 
time of 10 seconds and did not require the use of water. 
Patients, on the other hand, had a median solid transit 
time of 120 seconds and required the use of water to 
achieve this rate (Figure 19B). One patient had a solid 
transit time of less than 60 seconds, and for four additional 
patients, solid transit time was in excess of 240 seconds. 
Two patients were excluded for technical reasons. 
Together, the measurement of transit time of a liquid 
and solid barium bolus indicates, as might be expected, 
that patients with colon interpositions transport both 
slower than subjects who have a normal esophagus. The 
timely transit of solids requires liquids, and the transit of 
liquids can be augmented if they are acidic. 
Fluoroscopic observations at the time of the test suggest 
that most patients transported liquids and solids through 
their colon by gravity, with only an occasional contraction 
from the colon. Patients who have a colon graft with a 
straight longitudinal axis emptied better. Those with re- 
dundancy emptied more slowly. The ingestion of acidified 
liquid barium appears to cause a shortening and narrowing 
of the colon that reduces redundancy and improves emp- 
tying. Acidified barium causes little improvement in tran- 
sit time in those patients who had a colon graft with a 
straight longitudinal axis, and in some, caused colonic 
spasms that compartmentalized the colon graft with 
evacuation of the distal barium and retention of the prox- 
imal barium. . 


Discussion 


This 17-year experience with colon interposition or by- 
pass as an esophageal substitute has shown that the pro- 
cedure can be safely accomplished and results in good 
long-term function. Our procedure-related mortality rate 
is 5%. We infrequently encountered problems with graft 
ischemia, anastomotic leakage, or stenosis. The colon 
functions well as an esophageal substitute in that it is able 
to accept and transport an adequate meal volume to 
maintain good nutrition. The patients were satisfied with 
their procedure and were able to return to social eating. 

Successful esophageal replacement with colon is de- 
pendent on two factors: preserving adequate blood supply 
to the colon segment used and inserting the graft in such 
a manner so as to maximize its ability to transport food. 
As regards the former, a left colonic segment based on 
the inferior mesenteric artery appears to be better than a 
right segment based on the midcolic artery. One of seven 
of our right colon grafts failed, compared with six of 85 
of the left grafts. Although the numbers are too small to 
provide statistical significance, they are similar to that re- 
ported by Wilkins.* There are five techniques that are 
helpful in preserving optimal blood supply to a left graft 
based on the left colic artery. The first is to preserve both 
the ascending branch of the left colic artery and the distal 
marginal artery and vein when mobilizing the colon. This 


COLON INTERPOSITION 


471 





Percent of Population 


i 
H —Normals 12 
==- Patients 25 


1 2 3 4 5 6 7 


Min./ 100 Calories Consumed 


Fic. 17. The rate of eating the test meal (i.e., to comfortably ingest 100 
calories) by patients with a colon interposition and by controls, expressed 
in minutes. 


allows further blood supply to the graft from the sigmoid 
arteries and venous drainage via the hemorrhoidal and 
sigmoid veins. The second technique is to ligate the mid- 
colic artery and vein below the division into their nght 
and left branches. This provides an adequate arcade be- 
tween the two branches to maintain the blood supply to 
the right half of a long graft. The third technique is to 
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FiG. 18. The amount of water required by patients with a colon inter- 
position for consuming the test meal compared with the amount required 
by controls. Volume is expressed as cubic centimeters required to ingest 
100 calories. There was no difference between controls and patients. 
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Fics. 19A and B. The transit time of (A) liquid barium, acidified liquid 
barium and (B) a solid barium bolus in patients with a colon interposition. 
Transit time of liquid barium and a solid barium bolus is compared with 
normal subjects. 


transect the distal end of the graft without dividing the 
mesentery and its vessels. The fourth technique is that, 
when using the substernal route, the acute angle at the 
diaphragm should be changed to a smooth rounded curve 
to prevent kinking the vessels of the graft. The fifth tech- 
nique is to delay the graft if there is any concern regarding 
its blood supply. 

Five techniques are important in inserting the colon 
graft in a manner so as to maximize its transport function. 
The first technique is to perform the proximal anastomosis 
with a single layer of interrupted sutures to prevent nar- 
rowing. The second technique is to anchor the colon graft 
in as straight a line as possible to the diaphragm. This 
avoids redundancy and upper movement of the colon 
into the chest. The third technique is to construct the 
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gastric anastomosis on the posterior wall of the stomach 
one third the distance from the fundus to the pylorus. 
This reduces regurgitation and the development of an ul- 


- cer in the graft.’ The fourth technique is to avoid per- 


forming a pyloroplasty unless, based on postoperative 
gastric emptying studies, itis deemed necessary. This pro- 
tects against bile reflux gastritis in the stomach and colitis 
in the graft.® The fifth technique is that, when using the 
substernal route, the left half of the manubrium and the 
sternal head of the left clavicle should be resected to avoid 
compression and obstruction of the graft. 

When applying these technical aids, the chance of 
achieving a well-functioning colon graft are excellent, as 
attested to by the long-term clinical evaluation and func- 
tion test. In addition, we found that the ingestion of acid- 
ified barium improved the graft’s function and have en- 
couraged our patients to take acid liquids, such as car- 
bonated beverages, with their meals. Since we have shown 
that the transit of solids through the graft is slow, we advise 
our patients to take all medication in liquid or crushed 
form to avoid a drug-induced injury of the interposed 
colon. 

As shown in Figure 1, we have not performed a colon 
bypass since 1986. There are two reasons for this. First, 
we are convinced that the patient with benign disease who 
requires an esophageal substitute fares better if his esoph- 
agus is removed. This obviates the threat of rupture of a 
totally excluded esophagus, the risk of developing cancer 
in an esophagus previously damaged by caustic chemicals 
or lined with Barrett’s epithelium, and the potential for 
ulceration and bleeding from the continued reflux of bile 
or gastric juice. Secondly, we are impressed by the pallia- 
tion achieved in unresectable cancer using an internal 
esophageal stent and are discouraged by the high operative 
mortality rate associated with a bypass done for palliation. 

There is controversy over whether colon or stomach is 
the better substitute for the esophagus in benign disease. 
Those who.prefer the stomach admit that an intrathoracic 
stomach does not function as well as a native esophagus; 
indeed, they point out that most patients experience dis- 
comfort during or shortly after eating.? The most common 
symptom is a postprandial pressure sensation and early 
satiety. This probably results from the loss of the gastric 
reservoir. These symptoms are less common when the 
colon is used as an esophageal substitute, probably because 
the remaining stomach is retained in the abdomen and 
the interposed colon provides an additional reservoir 
function. 

Dysphagia is a more common complaint when the 
stomach is used to replace the esophagus. Orringer,'® after 
using the stomach to replace the esophagus in 87 patients 
with benign disease, noted a 61% incidence of dysphagia 
after operation, and that two thirds of these patients re- 
quired postoperative dilatation and one fourth had per- 
sistent dysphagia and required home dilatation. By con- 
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trast, dysphagia occurred in only 18% of our patients and 
was more a sensation of early filling than a difficulty with 
swallowing. Only 4% of our patients required dilatation, 
and this was relieved by revising the involved anastomosis 
in all four. 

There is general acceptance of the concept that an 
esophagogastric anastomosis in the neck results in less 
postoperative esophagitis than that located at a lower level. 
According to Belsey,°’ the development of reflux esopha- 
gitis after a cervical anastomosis occurs at a slower rate 
than when the anastomosis is at a lower level. In our own 
experience with patients who have had a cervical esoph- 
agogastrostomy for benign disease, problems associated 
with the anastomosis occur around the fourth and fifth 
postoperative year, and some have required revision of 
the anastomosis. This late stenoses has occurred in only 
one patient who had a colon interposition for esophageal 
replacement and was due to drug-induced injury. In this 
regard, the interposed colon appears to protect the re- 
maining esophagus from damage by gastric juice. 

Duodenogastric reflux also occurs after the transposi- 
tion of the stomach into the chest, as recognized by several 
authors.'' From a mechanical view, it is not surprising 
that duodenogastric reflux is increased after transposition 
of the stomach into the chest. After such a maneuver, the 
pylorus lies at the level of the esophageal hiatus and a 
distinct pressure differential develops between the intra- 
gastric and duodenal lumen. The former reflects a negative 
intrathoracic pressure, whereas the latter indicates a pos- 
itive intra-abdominal pressure. Unless the pyloric valve 
is extremely efficient, the pressure differential will en- 
courage reflux of duodenal contents into the stomach. It 
has been our experience that this is less likely to occur 
after colonic interposition because there is sufficient intra- 


DISCUSSICIN 


Dr. WILLIAM E. NEVILLE (Newark, New Jersey): I rise to congratulate 
Tom for presenting so elegantly his personal operative experiences con- 
cerning a topic that I have been interested in for many years. We have 
all learned something today. He has given us new ideas regarding various 
methods for replacing the esophagus with colon segments. Also, I am 
proud of him for what he has done at my old alma mater, Creighton 
University. 

At our New Jersey Medical School in Newark, we recently analyzed 
the results of patients with benign esophageal disease in whom we have 
used all or part of the colon for replacing the esophagus. Admittedly, 
over the years, I have used this technique in patients with cancer, but I 
believe that the life expectancy for this group of patients is not long. The 
only way to truly evaluate the operation is to evaluate it for those indi- 
viduals who have benign disease. 

Over the years, I have transplanted the colon subcutaneously, sub- 
sternally, and intrathoracically. (Slide) The man shown in this slide re- 
quired an anterior subcutaneous colon implant. He had swallowed lye 
after a fight with his wife and destroyed his larynx and esophagus. Dr. 
Rush did a laryngectomy and we placed his colon subcutaneously so 
that he could swallow. It is now 9 years since the operation was performed, 
and he is doing very well. He simply facilitates his swallowing by pressing 
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abdominal colon to be compressed by intra-abdominal 
pressure, and because the pylorus and duodenum remain 
in their normal position. 

Our experience and studies have convinced us that the 
colon is a more durable esophageal substitute and provides 
a better quality of deglutition than the stomach. Conse- 
quently, it should be used in patients with benign or ma- 
lignant esophageal disease who are potential candidates 
for long survival. The demanding technical expertise re- 
quired and the additional operating time needed for per- 
forming a colon interposition is more than compensated 
by its durability and function. 
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on the colon beneath the skin on the anterior chest wall which propels 
the food down into his stomach. 

I operated on this baby with a congenital tracheo-esophageal fistula 
35 years ago. Initially, I did a cervical esophagostomy, disconnected the 
lower end of the esophagus from the trachea, and placed the right colon 
beneath the sternum from the neck to the stomach. As you can see, 35 
years later, he is‘in excellent condition. 

Over the years, our nonfatal complications have exceeded those of 
Dr. DeMeester. Early in our series, we had two patients who experienced 
a breakdown of their esophago-colon anastomosis. We had been per- 
forming these intrathoracically. We re-operated on both of these patients 
and revised their leaks. We have observed seven esophago-colon anas- 
tomotic leaks in the neck, which are certainly easier to manage. The 
strictures that occurred were either dilated or the anastomosis was revised. 
From this experience, we would advise that, if possible, all anastomoses 
should be performed in the neck. Over the years, our signficant obser- 
vations have been that any leaks are due mainly to venous congestion 
from impingement of the bulky cecum at the thoracic inlet. To prevent 
this, we remove a segment of the sternoclavicular junction or retain 2 
segment of the ileum attached to the cecum. In the latter operation, the 
cecum lies in the anterior mediastinum, and the distal ileum is the anas- 
tomotic section of the neck. 

I do not believe that it makes any difference whether the colon is 
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placed iso- or antiperistaltically. Over time, no peristalsis can be observed 
in the colon. It is strictly a conduit from the mouth to the stomach. Also, 
hyperalimentation is mandatory in an acutely ill, debilitated patient. 
Other techniques that we believe are helpful are the use of the stapler 
for the anastomosis, preoperative angiography, and Doppler confirmation 
of the blood supply to the transplant. 

Our overall results with 60 patients whom we were able to’ evaluate 
were that 90% were asymptomatic. The remaining 10% had only mild 
symptoms. 

I believe that the colon is an excellent substitute for the esophagus. I 
congratulate Tom on his excellent work. 


Dr. EARLE W. WILKINS (Boston, Massachusetts): I enjoyed Dr. 
DeMeester’s presentation very much. I have not read his manuscript, 
but I was struck in reading the abstract and listening to his talk on the 
remarkable similarities to a series that we presented in the Annals of 
Surgery in 1980.! | 

Our cases were all long-colon bypasses to the neck level. We had 100 
cases; Dr. DeMeester had 92. Our hospital mortality was 9%; his was 
8%. Our necrosis rate was 7%. His was likewise 7%, and we both prefer 
to use the left colon based on the inferior mesenteric blood supply. 

I think the key to success in this procedure is complete preoperative 
arteriography, and we not only catheterize the inferior mesenteric artery, 
but the superior mesenteric artery and celiac axis, as well. The numbers 
and varieties of anomalies are substantial, and in planning the operation 
correctly ahead of time and saving operative time, we found that arte- 
riography is very helpful. 

He didn’t say so, but I believe that, in all of his cases, the colon was 
placed in an isoperistaltic fashion. Although I agree with Bill Neville 
that there is no peristalsis in the transposed colon segment, the one prob- 
lem we have had in the long run has been that of redundancy of the 
colon in the mediastinum. This must be avoided because without peri- 
stalsis symptoms of dysphagia will develop. 

The real reason I rise, however, is to ask whether is the colon to be 
preferred to the stomach as the most suitable viscus for replacing the 
esophagus? 

I would agree that the colon is to be preferred in the case of benign 
disease. However, when you are dealing with carcinoma, I do not believe 
that we can match the statistics we get when using the stomach. 

In the March issue of Annals of Thoracic Surgery,’ Dr. Mathisen pre- 
sented our most recent 104 esophagectomies with replacement that used 
the stomach. There was a hospital mortality of 2%, and there were no 
leaks. We certainly cannot equal these statistics with the use of the colon. 
Yet, once established, the colon is a durable substitute with few com- 
plications. Of our patients, the one who has survived the longest has 
lived for 33 years after surgery. 

The learning curve, however, is steep and I would caution against the 
general use of it as a replacement for the esophagus. 
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Dr. EDWARD W. HUMPHREY (Minneapolis, Minnesota): Dr. De- 
Meester, I, too, enjoyed your presentation of your data. I find that the 
colon is a very adequate substitute for the esophagus if the stomach 
cannot be used, but in my experience with patients who have lived for 
5 years or more after this operation, redundancy has been a significant 
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problem. The longer they live, the more redundant the colon becomes, 
and the more redundant it becomes, the more stasis there is. Has that 
been a problem for you? 

Why do you and Dr. Wilkins and others persist in calling this a left 
colon operation when it 1s obvious that you are using the transverse 
colon, as I do? 


Dr. TOM R. DEMEESTER (Closing discussion): | wish to thank the 
discussants for their comments and the opportunity they provide to clanfy 
a few points. 

Dr. Humphrey, you have a point. The procedure could be named 
transverse colon interposition. The current terminology is derived from 
the arterial base by which the interposed colon is supported. It 1s supported 
by the left colic artery, and consequently we refer to it as a left-sided 
graft. 

You mentioned redundancy can be a problem, and we agree. The 
manuscript goes into some detail about how we attempt to avoid re- 
dundancy. We place the transplant on some tension and anchor it to 
the left crus or the right crus, depending on the way the colon hes. If the 
substernal route is used, the colon transplant is anchored to the right or 
left side of the defect made in the diaphragm to enter the substernal 
tunnel. We do not anchor the transplant to both crura or sides of the 
defect to avoid bow-stringing the colon and causing luminal obstruction. 
We emphasize anchoring the colon transplant, and spend ample time 
doing it. Anchoring is usually done at the end of the procedure, and 
surgeons have a tendency not to spend the time necessary to anchor the 
colon effectively. Our experience is that proper anchoring of the transplant 
has reduced the problem of redundancy. 

Dr. Neville, we are very familiar with your work and have read your 
publications. Your experience has demonstrated the durability of the 
colon as an esophageal substitute. Regarding your question about the 
position of the transplant, the posterior route was used in 48 patients 
and the substernal route was used in 38. The subcutaneous route was 
used in two patients. We prefer to use the colon only in the isoperistaltic 
direction. Dr. Belsey always reminded us that his colon worked in only 
one direction, and as a consequence, it should be placed in that same 
direction when used as an esophageal substitute. Our studies have shown 
that when acidified barium is given to patients with a colon interposition, 
the colon will contract and empty its contents. Consequently, we have 
encouraged our patients to take a carbonated beverage with their meal 
because the low pH of the drink will improve the transport of the meal 
into their stomach. We have also observed that acid barium, in addition 
to causing the colon to squeeze, also shortens the colon and reduces any 
redundancy present and improves emptying. Based on these findings, it 
is our conclusion that it is wise to place the colon in an isoperistaltic 
direction. An additional help in transport is to resect the sternoclavicular 
head to prevent external compression of the colon. We do this whenever 
we do not use the substernal route. 

Dr. Wilkins, your publication was a great stimulus to us, and from 
your report we have gained a number of insights applicable to the man- 
agement of our patients. We agree with you that arteriography is helpful, 
and we have performed the study in the Jast 58 patients. Our conclusion 
is the same as yours; the colon is a very durable esophageal substitute, 
We agree that it should not be used in malignant disease except in those 
selected patients who have a high probability of a long-term survival. 
We have emphasized the importance of doing intraoperative staging of 
patients with carcinoma of the esophagus or cardia to select those who 
have a chance for long-term survival. When found, these patients should 
be reconstructed with a long-term substitute for their resected esophagus. 
Consequently, in such patients we would use the colon to reestablish 
G.I. continuity. We would, of course, use the colon when possible as an 
esophageal substitute for benign disease that merited an esophagectomy. 

] am pleased that our results are very similar to what Dr. Wilkins has 
published. It is comforting to know that Creighton, although a small 
Midwestern school, can keep up with Boston. 
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Esophageal/duodenal decompression is 12-14 times more efficient than 
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efficient, and occlusion 
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Distributed By: 
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CASE # 24 AGE: 55 SEX: FEMALE 

DIAGNOSIS: CECAL CARCINOMA 

SYMPTOMS: ANEMIA (Hg 6 gm/dl) 

OPERATION: RIGHT HEMICOLECTOMY & GASTROSTOMY 


The patient had a right hemicolectomy with stapled (U.S. 
Surgical Corp) anastomosis and fascia closure and a MOSS® 
gastrostomy tube. The stomach and proximal duodenum were 
aspirated, with immediate simultaneous feeding into the distal 
duodenum. 


Barium feeding 5 hours postop documented adequate 
motility. The deliberate excess was totally removed. No 
contrast (i.e.: excess feeding) escaped efficient aspiration 
within the proximal duodenum, to reflux into the stomach. 
(Figure A) Serial motility study showed barium had traversed 
the anastomosis and colon, and already was exiting in a 
spontaneous bowel movement by 21 hours postop. (Figure C) 


She received 300 ml/hr of Vivonex TEN (Norwich Eaton 
Pharm), absorbed 5,000 kcal the initial 20 hours, and then 
tolerated a general diet. She was the 4th patient discharged 
uneventfully 24 hours after bowel resection and reanastomosis. 


B. Motility @ 4 hours (9 hours postop). 
All barium is within the ileum. 





A. Study @ 5 minutes (5 hours postop). 
Note efficient removal of all excess barium, 
with none reaching the stomach. 








C. Motility @ 16 hours (21 hours postop). 
Barium is exiting in a spontaneous bowel 
movement. 


Call MOSS TUBES, INC (518) 674-3109 for introductory sample and literature. 
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CHAIRMAN 


DIVISION OF SURGERY 


Lutheran General Hospital, one of the Chicago area’s 
most prestigious health care facilities, is seeking a 
highly qualified physician to lead our Division of Surgery. 
Our 715-bed teaching and tertiary care hospital, affiliated 
with the University of Illinois College of Medicine, has 
integrated teaching and research with excellent patient 
care. 


More than one hundred surgeons in all surgical specialties 
comprise the Division of Surgery. The Chairman is 
responsible for planning, coordinating and administering 
patient care, education and research functions of the 
division. Quality of patient care, credentialling and 
recruitment of physicians are important components. 


For this high visibility position, we seek a board 
certified surgeon, with at least five years practice 
experience and a strong administrative background, 
including work with graduate medical education 
programs. 


You will find our facilities convenient at our pleasant 
northwest suburban location. Our compensation and 
benefits plan includes a competitive base salary with 
performance bonus, generous life insurance and a health 
plan with reimbursement for items such as deductibles, 
co-insurance amounts, optical, hearing and orthodontic 
needs. For confidential consideration, please submit a 


curriculum vitae to: Harold A. Shafter, M.D., Executive 
% Vice President & Chief Medical Officer. Equal 
| Opportunity Employer. 


Lutheran General Hospital 1775 W. Dempster St. 
Park Ridge Park Ridge, IL 60068 


removed the “caine” 


Natividad Medical Center, located in the beautiful 
Monterey Peninsula in California, is seeking BE/BC 
physicians in the following specialties: 


General Surgery 
Orthopedic Surgery 


Regional acute care 211-bed University of California 
affiliated hospital with full JCAHC accreditation 
Family Practice Residency Program, active trauma 
service & full ancillary services. All positions afford 
teaching opportunity. Excellent compensation pack- 
age with paid malpractice, health, dental, life insur- 
ances plus retirement and deferred compensation. 
C.V.’s to: 


Anthony Sforza, MD 
Medical Director 


Natividad 


Medical Center 


1330 Natividad Road 
P.O. Box 81611 
Salinas, CA 93912-1611 
AA/EOE 





Ahhhh-nesthetic ! 
proctoCream-HC 


(hydrocortisone acetate 1%, pramoxine HCI 1%) 


The one 
with an anesthetic REED & CARNRICK 


2-1968 Reed & Carnrick Please see brief summary of prescribing information on following page. Piscataway. NJ 08855 


RC 7870 


The Dartmouth-Hitchcock Medical Center presents 
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STOWE, VERMONT 


GENERAL SURGEONS March 16 and 17, 1989 


Prepaid group practice desires to increase general 

surgery staff. Looking for general surgeons interested 

in building a department. Physicians must be from Faculty will include: 

high quality residency programs. Positions available Jack L. Cronenwett, MD-Dartmouth Medical School 

immediately. Presently one surgeon on staff with Michael S. Pinzur, MD-Loyola University Medical Center 
James M. Seeger, MD 

-VA Medical Center, Gainesville, Florida 

Eric Cornwell, M.D. Lee A. Witters, MD-Dartmouth Medical School 


membership of approximately 35,000. C.V.s to: 


Chief of Surgery 


Kaiser Permanente Medical Group, Inc. The Dartmouth-Hitchcock Medical Center designates this 
1305 Tommydon St. continuing medical education activity for 10 credit hours in 


Category 1 of the Physician's Recognition Award of the 
Stockton, CA 95209. American Medical Association. 


(209) 476-3300 For information, brochure, or registration, write or call: 


Office of Continuing Education in the Health Sciences, 
Dartmouth-Hitchcock Medical Center, 
Hanover, New Hampshire 03756 - (603) 646-5744. 
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Brief Summary: Please see package insert for full prescribing information. 
INDICATIONS AND USAGE: Topical corticosteroids are indicated for the 
relief of the inflammatory and pruritic manifestations of corticosteroid- 
responsive dermatoses. 

CONTRAINDICATIONS: Topical corticosteroids are contraindicated in 
those patients with a history of hypersensitivity to any of the components 


of e eh oath 
PRE ONS: General: Systemic absorption of topical corticosteroids 
has produced reversible g vades raga grab (HPA) axis sup- 
pression, manifestations of Cushing's syndrome, hyperglycemia and 
glucosuria in some stented Conditions which augment systemic absorp- 
tion include the applications of the more potent steroids, use over large 
surface areas, prolonged use and the addition of occlusive dressings. 
Therefore, patients receiving a large dose of a potent topical steroid 
applied to a large surface area and under an occlusive dressing should be 
evaluated periodically for evidence of HPA axis suppression by using the 
urinary free cortisol and ACTH stimulation tests. If HPA axis suppression 
is noted, an attempt should be made to withdraw the drug, to reduce the 
me of application, or to substitute a less potent steroid. Recovery 
of HPA axis function is generally prompt and complete upon discontinua- 
tion of the drug. Infrequently, signs and symptoms of steroid withdrawal 
may occur, requiring supplemental systemic corticosteroids. Children 
may absorb proportionally larger amounts of topical corticosteroids and 
thus be more susceptible to systemic toxicity. (See PRECAUTIONS — 
Pediatric Use.) If irritation develops, topical corticosteroids should be 
discontinued and appropriate therapy instituted. In the presence of der- 
matological infections, the use of an appropriate antifungal or anti- 
bacterial agent should be instituted. If a favorable response does not 
occur promptly, the corticosteroid should be discontinued until the 
infection has been adequately controlled. 
Information for the Patient: Patients using topical corticosteroids should 
receive the following information and instructions: 1. This medication is 
to be used as directed by the physician. It is for external use only. Avoid 
contact with the eyes. 2. Patients should be advised not to use this medi- 
cation for any disorder other than for which it has been prescribed. 3. The 
treated skin area should not be bandaged or otherwise covered or wrap- 
ped as to be occlusive unless directed by the physician. 4. Patients should 
report any 4+ of local adverse reactions especially under occlusive 
dressing. 5. Parents of pediatric patients should be advised not to use 
tight-fitting diapers or plastic pants on a child being treated in the diaper 
area, as these garments may constitute occlusive dressings. 
Laboratory Test: The following test may be helpful in evaluating the HPA 
axis suppression: ACTH stimulation test 
Carcinogenesis, Mutagenesis and Impairment of Fertility: Long-term 
animal studies have not been performed to evaluate the carcinogenic po- 
tential or the effect on fertility of topical corticosteroids. Studies to deter- 
mine mutagenicity with prednisolone and hydrocortisone have revealed 
negative results. 
Pregnancy Category C: Corticosteroids are generally teratogenic in labo- 
ratory animals when administered systemically at relatively low dosage 
levels. The more potent corticosteroids have been shown to be terato- 
genic after dermal application in laboratory animals. There are no 
adequate and well-controlled studies in pregnant women of teratogenic 
effects from topically applied corticosteroids. Therefore, topical cortico- 
steroids should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. Drugs of this class should not be 
used extensively on pregnant patients, in large amounts, or for prolonged 
periods of time. 
Nursing Mothers: Itis not known whether topical administration of cor- 
ticosteroids could result in sufficient systemic absorption to produce 
detectable quantities in breast milk. Systemically administered cortico- 
steroids are secreted into breast milk in quani NOT likely to have a 
deleterious effect on the infant. Nevertheless, caution should be exercised 
when any topical corticosteroids are administered to a nursing woman. 
Pediatric Use: Pediatric patients may demonstrate greater susceptibility 
to topical corticosteroid-induced HPA axis pice and Cushing's 
syndrome than mature patients because of a larger skin surface area to 
body weight ratio. Hypothalamic-pituitary-adrenal (HPA) axis sup- 
pression, Cushing's syndrome and intracranial hypertension have been 
reported in children receiving topical corticosteroids. Manifestations of 
adrenal suppression in children include linear growth retardation, delayed 
weight gain, low plasma cortisol levels, and absence of response to ACTH 
stimulation. Manifestations of intracranial hypertension include bulging 
fontanelles, headaches and bilateral papilledema. Administration of 
topical corticosteroids to children should be limited to the least amount 
compatible with an effective therapeutic He ie Chronic corticosteroid 
pelea may interfere with the growth and development of children. 
ADVERSE REACTIONS: The following local adverse reactions are reported 
infrequently with topical corticosteroids, but may occur more frequently 
with the use of occlusive dressings. These reactions are listed in an 
approximately decreasing order of occurrence: burning, itching, irritation, 
dryness, folliculitis, hypertrichosis, acneiform eruptions, hypopigmenta- 
tion, perioral dermatitis, allergic contact dermatitis, maceration of the 
skin, secondary infection, skin atrophy, striae, miliaria. 
OVERDOSAGE: Topically applied corticosteroids can be absorbed in suffi- 
cient amounts to produce systemic effects. (See PRECAUTIONS. ) 
DOSAGE AND ADMINISTRATION: Topical corticosteroids are generally 
applied to the affected area as a thin film three or four times daily depend- 
ing on the severity of the condition. Occlusive dressings may be used for 
the management of psoriasis or recalcitrant conditions. If an infection 
develops, the use of occlusive dressings should be discontinued and 
py pad antimicrobial therapy instituted. 

W SUPPLIED: 1 oz. tube with rectal applicator. 
CAUTION: Federal law prohibits dispensing without prescription. 
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Oncology Fellowships at NIH 


The National Cancer Institute, National Institutes of 
Health, Public Health Service, is accepting applications 
for fellowships in oncology. Positions are available to 
physicians who have completed at least two years of 
training in internal medicine, pediatrics, or surgery. 


The medical oncology training program offers 3-year 
fellowships beginning July 1, 1990. This 3-year 
program consists of one year of primary clinical 
responsibility on the medical oncology, pediatric 
oncology, and radiation oncology services of the 
National Cancer Institute. The second and third years 
consist of an individualized program of laboratory 
research and clinical investigations and continued 
outpatient clinical experience. Fellowships satisfy 
subspecialty Board requirements for Medical Oncology 
and Pediatric Hematology-Oncology. 


The Surgery Branch offers a two-year surgical 
oncology fellowship program beginning July 1, 1989 
and July 1, 1990. This program consists of 6 months 
of patient care and 1-1/2 years of laboratory research 
with the senior staff of the Surgery Branch. A third year 
of continued laboratory experience is available to 
selected Fellows. 


Emphasis is placed on continuity of patient care, 
principles of patient management, and design and 
conduct of clinical trials. Seminars, lectures and 
conferences deal with a variety of related subjects 
including biostatistics, immunology, epidemiology, cell 
biology, cell kinetics, molecular biology, virology, 
genetics, clinical pharmacology, diagnostic pathology, 
and radiobiology. A close collaborative relationship has 
been established with the Uniformed Services 
University of the Health Sciences. 


The laboratory aspects of the program are directed at 
training Fellows to become independent investigators. 
Topics under study include cell kinetics, endocrine 
aspects of cancer, clinical pharmacology of 
antineoplastic agents, tumor immunology, cell biology 
and molecular biology, viral oncogenesis, 
hematopoietic differentiation and genetics. In addition, 
there is ample opportunity for participation in clinical 
investigations. Medical Staff Fellows will be assigned 
to Civil Service positions with an annual salary of 
$32,000 and an increase of $2,000 for each additional 
year up to a maximum of $36,000. Medical Staff 
Fellows will receive all benefits including health 
insurance, life insurance options, vacation and sick 
leave. In addition, moving and travel expenses and 
Federal health care benefits are available. For further 
information and application procedures, please contact: 


Samuel Broder, M.D. 

Deputy Clinical Director | 
National Cancer Institute wht NS», 
National Institutes of Health x ‘on 
Public Health Service <x ZS = 
Building 10, Room 12N214 rs U) 


Bethesda, Maryland 20892 
(301) 496-6375 Š eae 


An NIH Associate 
Training Program 
NIH is an Equal Opportunity Employer 


Deadline for applications is December 31, 1988. 
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Experience with Simultaneous Pancreas-kidney 


Transplantation 





HANS W. SOLLINGER, M.D., PH.D., ROBERT J. STRATTA, M.D., ANTHONY M. D’ALESSANDRO, M.D., 
MUNCI KALAYOGLU, M.D., JOHN D. PIRSCH, M.D., and FOLKERT O. BELZER, M.D. 


With refinements in surgical techniques and increased clinical 
experience, there has been a resurgence of interest in vascularized 
pancreas transplantation. From December 1986 to April 1988, 
30 whole-organ vascularized pancreas transplants with pancrea- 
tico duodenocystostomy were performed simultaneously with 
renal transplantation. The recipient population consisted of 20 
men and ten women, with a mean age of 34.7 years (range of 
25-53 years). The mean duration of insulin-dependent diabetes 
mellitus (IDDM) was 22.6 years (range of 10-37 years). The 
mean pancreas preservation time was 8.7 hours (range 3-19 
years). All patients were immediately insulin-independent. Si- 
multaneous pancreas-kidney engraftment was performed to both 
iliac fossae via a lower midline incision (n = 28) or through a 
bilateral lower abdominal incision (n = 2). The mean operating 
time was 5.9 hours, and packed cell transfusion requirement was 
1.3 units. The mean length of hospital stay was 27.4 days. Re- 
cipients averaged 2.3 admissions (1-7), with ten patients (34.4%) 
requiring only one hospital admission. Postoperative immuno- 
suppression consisted of cyclosporine, prednisone, azathioprine, 
and Minnesota antilymphoblast globulin (MALG). A total of 49 
episodes of rejection occurred in 26 patients. Actuarial patient 
survival rate at two years is 96.3%. The kidney and pancreas 
survival rates for the same time interval is 94.0% and 84.0%, 
respectively. Mean serum creatinine at present is 1.75 mg/dl. 
In conclusion, renal transplantation in concert with pancreas 
transplantation has a dramatic positive impact on pancreas al- 
lograft survival. Combined engraftment does not appear to jeop- 
ardize renal allograft functional survival. In view of these results, 
simultaneous pancreas-kidney transplantation appears to be the 
treatment of choice for Type I diabetic patients. 


RANSPLANTATION OF THE VASCULARIZED PAN- 
CREAS can be performed under three conditions: 
1) in preuremic patients having normal kidney 
function or only limited renal impairment (pancreas 


Presented at the 108th Annual Meeting of the American Surgical As- 
sociation, San Francisco, California, May 2—4, 1988. 

Reprint requests correspondence: Hans W. Sollinger, M.D., Depart- 
ment of Surgery, Clinical Science Center, 600 Highland Avenue, Madison, 
WI 53792. 
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transplantation alone (PTA), 2) after a successful kidney 
transplant (PAK), or 3) simultaneously with a kidney 
transplant (grafting of the kidney and pancreas from the 
same donor) (SPK). 

According to the World Pancreas Registry, 1128 vas- 
cularized pancreas transplants were performed between 
January 1, 1983 and March 18, 1988.' The majority (n 
= 714) were SPK transplants. Two-year actuarial kidney 
and pancreas function is 44% and patient survival rate is 
76%. These figures indicate that graft survival rate for 
SPK is higher than for the PTA group (2-year actuarial 
graft survival rate = 26%) and the PAK group (2-year 
actuarial graft survival rate = 34%). On the other hand, 
the patient survival rate is lower in the SPK group (2-year 
actuarial survival rate = 76%) than in the PTA group (2- 
year actuarial survival rate = 88%) and PAK group (2- 
year actuarial survival rate = 83%), indicating that the 
more complex double transplant is less well-tolerated. The 
major difference among the groups in whom combined 
transplants are performed concerns the handling of exo- 
crine pancreatic drainage. Although the majority of North 
American surgeons prefer the bladder drainage technique 
(BDT), European surgeons are divided between duct in- 
jection, enteric drainage, and BDT. Over the past 2 years, 
however, there seems to be a trend toward BDT in Eu- 
ropean centers. Among those using BDT, variations in 
technical detail exist. When the whole pancreas is used, 
either the duodenal button technique or the duodenal 
segment technique is performed.*? For transplantation of 
a segmental graft, duct-to-bladder mucosa or implantation 
of the cut edge of the pancreas into the bladder is per- 
formed, as has been described. Immunosuppressive 
strategies are rather similar, with most surgeons using tri- 
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TABLE 1. Composition of UW Solution 
K*-Lactobionate 100 mM 
KH,PO, 25 mM 
Raffinose 30 mM 
Adenosine 5 mM 
Glutathione 3 mM 
Insulin 100 u/l 
Bactrim® 0.5 ml/L 
Dexamethasone 8 mg/L 
Allopurinol I mM 
Hydroxyethy! starch 50 g/L 
pH = 7.45 


Na = 30+5mM 
K = 120+5 mM 
Osm = 320 + § mOsm/L 


ple maintenance regimens (cyclosporine A, prednisone, 
azathioprine).’ For induction, either quadruple (antilym- 
phocyte globulin, cyclosporine A, prednisone, azathio- 
prine) or triple regimens (cyclosporine A, prednisone, 
azathioprine) are used. This report describes the experi- 
ence University of Wisconsin at Madison with 30 patients 
who received SPK transplants. In all patients, BDT with 
quadruple induction and triple maintenance therapy was 
used. 


Materials and Methods 
Organ Donors 


The age of organ donors ranged from 4 to 48 years 
(mean of 25.6; 21, men, 9, women). All donors had stable 
vital signs, but 23 required dopamine (range 3 ng/kg to 
20 ug/kg). Serum creatinine ranged from 0.6 to 2.5 mg/ 
dl (mean of 1.23), maximum serum glucose from 118 
mg% to 418 mg% (mean of 185.6). In one donor, a 19- 
year-old man with a history of alcoholic pancreatitis, small 
areas of saponification were noted on the pancreatic sur- 
face. Twenty-three patients were multi-organ donors. Be- 
fore transplantation T cell cross-match and testing for 
HIV was performed. Donors were accepted for pancreas 
donation only if the liver could not be used for medical 
reasons (é.g¢., liver injury) or could not be placed. Recently, 
it has become our policy to perform combined liver and 
pancreas procurement whenever anatomically possible. 
The technique used for combined liver-pancreas pro- 


TABLE 2. Patient Population {N = 30) 


Age 34,7 years (range of 23-53 years) 
Men 20 

Women 10 

Mean duration of diabetes 22 years (range of 19-23 years) 
Retinopathy 30 Pts. (100%) 

Neuropathy 27 Pts. (93%) 

Dialysis 14 Pts. (46%) 

Mean Hgb Aje 10.7 + 0.4 

Amputations 5 Pts. (17%) 
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curement was a modification of the procedure described 
by Marsh et al.® , 


Organ Preservation 


For organ preservation, a newly developed solution 
called UW-1 solution (University of Wisconsin, Madison, 
WI) was used.”'° The composition of UW-1 solution is 
shown in Table 1. During organ procurement, the stom- 
ach and duodenum were irrigated with povidone-iodine 
solution (Betadine® Purdue Frederick, Norwalk, CT) and 
amphotericin B solution (50 mg/l). After pancreatic dis- 
section, the donor was given 10,000 units of intravenous 
heparin and 10 mg of intravenous Regitine® (CIBA, 
Summit, NJ). In situ aortic flushout using 1000 cc of UW- 
1 solution was followed by ex vivo perfusion of an addi- 
tional 250-500 cc. The graft was placed in a sterile plastic 
bag containing 500 cc of UW-1 solution, kept on ice, and 
stored at 4 C until the time of transplantation. The donor 
kidney was flushed with an additional 250 cc. During the 
in situ flush and the ex vivo perfusion, the container with 
the perfusate was elevated to between 80 and 100 cm 
above the organ. Parameters of early graft function in- 
cluded urinary amylase, serum amylase, and fasting blood 
sugar. Mean preservation time was 8.7 hours, with the 
last 10 pancreas grafts all preserved between 10 and 20 
hours. 


Patient Population 


Of the 30 patients who underwent SPK transplantation, 
20 were men and 10 were women. The mean duration of 
juvenile-onset diabetes was 22 years, with a range of 19- 
23 years. Mean age was 34.7 years, with a range of 23- 
53 years. Thirty patients (100%) had retinopathy, 27 (93%) 
had clinical evidence of neuropathy, and 14 patients (46%) 
received dialysis at the time of transplantation. Contrain- 
dications to transplantation included complete loss of 
eyesight, major amputations, cardiovascular disease, and 
inability to understand the experimental nature of the 
procedure. All patients were required to undergo stress 
thallium 201 myocardial perfusion imaging before trans- 
plantation.'' Patients with a negative thallium stress test 
were accepted for combined kidney-pancreas transplan- 
tation. Patients with a positive thallium stress test were 
required to have a coronary angiogram. If the angiogram 
demonstrated significant coronary artery disease, patients 
were excluded from combined kidney-pancreas trans- 
plantation. 


Surgical Procedure 


The details of the surgical procedure have been de- 
scribed previously.'? Briefly, with the exception of the first 
two patients, in whom bilateral lower abdominal trans- 
plant incisions were made, the midline incision was the 
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preferred approach. The right iliac artery was completely 
mobilized, which was facilitated by ligation and division 
of the hypogastric artery. The iliac vein was also mobilized 
by ligating and dividing all posterior branches. The pan- 
creas was vascularized by an end-to-side anastomosis of 
the portal vein to the external iliac vein, followed by an 
end-to-side anastomosis of a Carrel patch encompassing 
both the celiac and superior mesenteric arteries to the 
external iliac artery. In all cases, the right side was chosen 
for the pancreas. The venous anastomosis was placed dis- 
tal to the arterial anastomosis in order to preserve the 
natural angle between portal vein and celiac axis. Pan- 
creaticoduodenocystostomy involving the duodenal but- 
ton technique was used in 15 cases (Fig. 1), and the duo- 
denal segment technique was used in 15 cases (Fig. 2). In 
both instances, duodenocystostomy was performed with 
a two-layer anastomosis. For the inner layer, running 3- 
0 Vicryl™ (Ethicon Suture Co., Sommerville, NJ) was 
used; for the outer layer, interrupted ‘3-0 silk was used. 
The kidney transplant was placed on the left side; only 
minimal mobilization of the common iliac artery and vein 
was performed. End-to-side anastomosis of the renal artery 
and renal vein was performed. The ureter was implanted 
into the bladder using anterior extravesical ureteroneo- 
cystostomiy over a 16 cm-7 French double J Silastic stent. 
Two Silastic™ drains were placed medial and lateral to 
the pancreatic graft and brought out on the right lateral 
abdomen. Before the pancreatic implant procedure, the 
duodenum was aspirated and its contents were sent for 
culture. 


Pre- and Postoperative Management and Immuno- 
suppression 


Preoperative antibiotics included 1 g cefazolin IV and 
1 g of Vancomycin® IV (Lilly, Indianapolis, IN). 200 mg 
of dipyridamole was administered orally and 650 mg of 
aspirin was administered as a suppository. Neither Hep- 
arin or dextran were used. The urinary bladder was irri- 
gated with a solution containing 50 mg of gentamicin in 
500 ml normal saline. For wound irrigation 50,000 units 
of Bacitracin® (Fongera, Melville, NY), and 20 mg of gen- 
tamicin in 200 ml normal saline were prepared. Fifty mg 
of amphotericin B in 1000 ml of sterile water was used 
for intra-abdominal irrigation. In female patients, Mi- 
conazole® (Ortho Pharmaceuticals, Raritan, NJ) vaginal 
cream 2% was applied to the perineal area before the in- 
sertion of the Foley catheter. After the operation, admin- 
istration of antibiotics was continued until the duodenal 
culture report was available. If the culture was positive, 
administration of appropriate antibiotics was continued. 
If the culture was negative, all antibiotics were discontin- 
ued. For the first 5 days after the transplant, blood glucose 
and urine amylase were obtained every 2 hours, and serum 
amylase was measured twice daily. Urine culture was ob- 
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Fic. 2. Technique of combined kidney-pancreas transplantation with 
the duodenal segment technique. 
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TABLE 3. Summary of Results (Follow-up of 1-28 Months) 


Number of Patients 


Total 30 
Alive 29 (96.6%) 
Functioning kidney 28* (93.3%) 
Functioning pancreas 25 (83.3%) 
Functioning kidney + pancreas 25 (83.3%)t 
Reasons for graft loss . 
Rejection of kidney + pancreas 1 (3.3%) 
Rejection of kidney 1 (3.3%) 
Rejection of pancreas ] (3.3%) 
Death . 1 (3.3%) 
Vascular thrombosis 1 (3.3%) 
Professional rehabilitationt ‘ 
full-time employment . 12 (40%) 
part-time employment 6 (20%) 
disabled 3 (10%) 
unemployed 4 (13%) 


* Patient who rejected kidney and pancreas received a successful ca- 
daver kidney transplant. l 

+ Only patients rehabilitated 3 or more months after discharge are 
included. | 

Actuarial 2-year survival rate. 


tained every other day and routine transplant laboratories, 
including electrolytes, CBC with differential count, plate- 
lets, creatinine, BUN, and beta2-microglobulin were ob- 
tained daily. The Foley catheter was left in place until the 
twelfth postoperative day. If a cystogram did not dem- 
onstrate a leak at that time, the Foley catheter was re- 
moved. | | 


Immunosuppressive Protocol 


In preparation for pancreas transplantation, a mini- 
mum of five random blood transfusions were required. 
Before the operation, patients received 120 mg of meth- 
ylprednisolone intravenously and 300 mg of azathioprine 
orally. The azathioprine dose was reduced for leukopenia. 
Recipients received 250 mg of intravenous (1.V.) meth- 
ylprednisolone intraoperatively just before release of vas- 
cular clamps. After the operation, administration 120 mg 
of methylprednisolone, given intravenously, daily, was 
continued for 3 days and then rapidly tapered to 30 mg 
of prednisone per day, given orally, within 10 days. Min- 
nesota antilymphoblast globulin (MALG) was initiated 
on the second postoperative day, after adequate perfusion 
was demonstrated by flow images of the pancreas (Tc?"™ 
DTPA). The dose of MALG ranged between 10 and 20 
mg/kg per day, with dose adjustments to maintain the 
white blood cell count above 3000/cmm and the platelet 
count above 50,000/cmm in the absence of clinical sepsis 
or bleeding. A complete 10- to 14-day course of prophy- 
lactic ALG was given. Azathioprine was maintained at a 


level of 1 mg/kg per day, with dose adjustments to main-’ 


tain the white blood cell count above 5000. Cyclosporine 
was administered intravenously at a dose of 1~3 mg/kg 
per day for the first 3 days after transplantation, and was 
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then administered orally at a dose of 6-12 mg/kg per day. 
The dose of cyclosporine was adjusted daily to achieve 
24-hour trough whole-blood radioimmunoassay levels of 
200-400 ng/ml. Long-term maintenance immuno- 
suppression consisted of 10-30 mg of oral prednisone per 
day, 4-12 mg/kg of cyclosporine per day, and 1 mg/kg 
of azathioprine per day. Acute rejection episodes were 
treated with pulsed corticosteroids (250-500 mg of meth- 


 ylprednisolone) intravenously, with rapid tapering over 


10 days to 30 mg of oral prednisone. Treatment with 
MALG was usually initiated if rejection recurred after 
two courses of high-dose prednisone or if no response was 
observed after 5 days of initial treatment with steroids. 


Monoclonal antibody OKT3 (Orthoclone®, Ortho Phar- 


maceutical Corporation, Biotech Division, Raritan, NJ) 
was initially reserved only for rescue therapy of rejection 
unresponsive to high-dose steroids and/or MALG. More 
recently, there has been a trend toward earlier treatment 
with OKT3 (usually after an initial treatment with a short 
methylprednisolone pulse had proven unsuccessful). 
OKT3 was administered for 14 consecutive days as a single 
daily I.V. bolus of 5 mg. Pulsed corticosteroid therapy 
(oral prednisone 3 mg/kg per day. with rapid taper) was 
administered on Days 0-3 and Days 12-16 of OKT3 
therapy. During Days 4-11 of OKT3 therapy, oral pred- 
nisone was administered at 30 mg per day. Maintenance 
doses of azathioprine (1 mg/kg per day) were continued 
throughout the duration of monoclonal antibody therapy. 
Low-dose oral cyclosporine (4-6 mg/kg per day) was also 
maintained, with dose adjustments near the end of OKT3 
therapy titrated to whole blood radioimmunoassay levels 
of 200-400 ng/ml. At the completion of OKT3 therapy 
the pretreatment doses of immunosuppressive agents were 
resumed with rapid steroid taper. | 


Results 


In patients receiving a combined kidney-pancreas 
transplant, actuarial patient survival rate at 2 years is 
96.6% (Table 3). Kidney survival rate is 93.3% and pan- 
creas plus kidney survival is 83.3%. At present, mean 
serum creatinine is 1.75 mg/dl. The only patient who died 
was a 53-year-old man who had a mycotic aneurysm at 
the site of the pancreatic arterial anastomosis. Six weeks 
after transplantation, this aneurysm ruptured and massive 
hemorrhage occurred. Despité immediate surgical explo- 
ration and control of the bleeding, the patient died 2 days 
later from the sequelae of irreversible shock. In this pa- 
tient, infection was caused by a bladder leak occurring 
3.5 weeks after transplantation. | | 

During the time interval of this study, 73 primary ca- 
daver kidney transplants were performed in diabetic pa- 
tients. In this group, the 2-year actuarial patient survival 
rate is 96.3%, and renal allograft survival rate is 84.3%. 

Surgical complications occurred in 14 patients (Table 


Vol. 208 » No. 4 


4). These included seven bladder leaks, five of which re- 
quired surgical exploration and repair, and two that were 
treated successfully by placement of a Foley catheter for 
3 weeks. There were six bleeding episodes in four patients. 
The origin of bleeding were the distal splenic vessels oc- 
curring twice in one patient, a small arterial vessel in the 
area of the attachment of the diaphragmatic crus near the 
celiac axis twice in one patient, ruptured mycotic aneu- 
rysm in one patient, and from the pancreatic head in one 
patient. Eight major infections occurred, including three 
intra-abdominal abscesses, one infected arterial suture line 
resulting in a mycotic aneurysm, three cases of peritonitis, 
and two wound infections. All infectious complications 
were associated with bladder leaks. Vascular thrombosis 
occurred in only one patient, requiring graft pancreatec- 
tomy on the fourth postoperative day. As the cause of 
this complication, we identified a tie that was partially 
narrowing the portal vein at the junction with the splenic 
vein. Five patients experienced pancreatitis, resulting in 
four cases of peripancreatic fluid collections. In one patient 
who also had a bladder leak, wound infection and pan- 
creatic saponification occurred, and were so severe that 
it was elected to remove the pancreatic graft on the four- 
teenth postoperative day. This patient recovered un- 
eventfully. Reflux pancreatitis occurred between 14 days 
and 16 months after transplantation. Five patients re- 
quired admission and placement of a Foley catheter for 
up to 3 weeks. In all cases, pancreatitis resolved without 
further treatment. Metabolic acidosis requiring admin- 
istration of oral bicarbonate therapy occurred in four pa- 
tients. These patients required admission to the hospital, 
hydration, and institution of oral bicarbonate therapy. At 
present, only two patients are receiving chronic oral bi- 
carbonate. In all cases, metabolic acidosis was associated 
with renal dysfunction, either during rejection episodes 
or cyclosporine toxicity. The majority of surgical com- 
plications occurred in the group who underwent trans- 
plantation with the duodenal button technique (89%). 
Patients who received a pancreas transplant using the 
duodenal segment technique had a significantly lower in- 
cidence of surgical complications [11% (p <0.001)]. With 
the use of the duodenal segment technique, the average 
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TABLE 4. Surgical Complications 


‘Number of Patients 


Bladder leak 7 (23%) 
Bleeding 5 (16%) 
Infection 8 (26%) 
Vascular thrombosis 1 (3.3%) 
Pancreatitis 5 (16%) 
Total 22 


number of complications, which was 2.2 per patient for 
the button technique, could be reduced to 0.28 per patient 
for the duodenal segment technique. Technical graft losses 
were three of 15 in the duodenal button technique group ` 
versus 0 in the duodenal segment technique group. 

The incidence of rejection episodes was high after SPK 
transplantation. 89.3% of patients had rejections, resulting 
in a total of 49 rejection episodes. Only three patients had 
no rejections, whereas ten patients had one rejection, eight 
patients had two, six patients had three, and one patient, 
who ultimately lost his pancreatic graft but maintained 
kidney function, had five rejections. This incidence of 
89.3% of rejections compares unfavorably with diabetic 
recipients who receive primary kidney transplants, where 
rejections occurred in only 58.9% of patients. Patterns of 
rejection were variable. Of the 49 rejection episodes, three 
were diagnosed as isolated pancreatic rejections. In 23 
cases, isolated renal allograft rejection was observed, and 
in another 23 instances, both kidney and pancreas were 
involved in a simultaneous rejection. Kidney versus pan- 
creas versus kidney plus pancreas rejections were differ- 
entiated by different patterns of serum creatinine and uri- 
nary amylase levels. Table 5 demonstrates these patterns. 
During rejection of both kidney and pancreas, a rise of 
serum creatinine coincides with a significant drop in urine 
amylase. By contrast, in isolated renal rejection, urinary 
amylase does not change significantly while creatinine 
rises. In isolated pancreas rejection (data not shown) cre- 
atinine remains unchanged but urinary amylase drops and 
mild hyperglycemia occurs. This may be associated with 
a decrease in the technetium index (TI). 

Although no uniform protocol for the treatment of re- 


TABLE 5. Differentiation Between Kidney + Pancreas Rejection vs. Kidney Rejection 


Simultaneous Pancreas + Kidney Rejection 


Kidney Rejection Alone 


Before Rejection Rejection After Rejection Before Rejection Rejection After Rejection 
Urine amylase (U/1) 28906 +4620* 6410 +1384 26352 +4750 40644 +6453 32819 +8130 46513 + 6902 
L p < 0.0001 — Lp < 0.001 — L ns — L ns —] 
Serum creatinine (mg %) 20 £- 2033 37+ 04 214 0.2 24+ 0.2 414 0.3 23+ 0.2 
ae ee E Ce l eoo aenooia 


* Standard error 
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Initial Pancreas Function 
Urine a 


Amylase 
{U/L) 10,006 


. 26,000 


Serum 300 
Amylase 
(U/L) 100 


Fasting 
Glucose 
(mg %) 





1 3 14 
Days After Transplantation ` 


Fic. 3. Pancreas function on Days 1, 3, and 14 after transplantation. 


jections was applied, a steroid pulse therapy was used for 
the majority of first rejections (n = 41, 83%). In seven 
rejections (14%), OKT3 was used as initial treatment, and 
one patient (2%) received antilymphocyte globulin. Sec- 
ond rejections were treated twelve times with ALG and 
six times with OKT3. One third rejection was treated with 
OKT3. In one patient who had a fourth and fifth rejection, 
steroids were used. Two pancreas transplants and one 
kidney were lost due to rejection. The other reasons for 
graft loss were death with a functioning graft (n = 1), 
vascular thrombosis (n = 1), and pancreatitis (n = 1). 

Quality of argan preservation was excellent. Preserva- 
tion times ranged from 3 to 20 hours. All patients expe- 
rienced immediate function of both kidney and pancreas. 
No patient required insulin after the operation. Mean 
serum creatinine 1 week after transplantation was 1.8 mg/ 
dl (range of 1.2-3.6 mg/dl). Cold storage time for kidneys 
ranged from 4.5 to 22 hours. The quality of pancreatic 
preservation can be assessed by postoperative monitoring 
of serum glucose, urine, and serum amylase. Figure 3 
demonstrates the values for 29 transplants. The low level 
of serum amylase on Day 1 and Day 3 post-transplant 
indicates minimal preservation injury. Urinary amylase 
values of between 10,000 and 20,000 U/l during the sec- 
ond week after transplantation indicate good preservation 
of exocrine pancreatic tissue. 

Of the patients who had been discharged for more than 
3 months, twelve were full-time and six were part-time 
employees. Hgb A; c dropped from a preoperative value 
of 10.7 + 0.4% to 6.9 + 0.2% (p < 0.0001). This decrease 
occurred despite an unrestricted dietary regimen. 


Discussion 


Pancreas transplantation can be performed under three 
conditions: PTA, PAK, or SPK, as defined in the intro- 
duction of this paper. Although the survival rate of patients 
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in the PTA group is better than is for patients who have 
undergone PAK or SPK transplantation, the graft survival 
rate in most series has been significantly lower. In our 
own experience, the 2-year actuarial graft survival rate 
after PAK in a group of patients who had previously re- 
ceived a living-related graft, transplant function is only 
31%. The reasons for this rather disappointing outcome 
is unclear, but it is possible that the simultaneously trans- 
planted kidney protects the pancreas. Indirect evidence 
for this assumption comes from observations of one of 
our patients. This patient, a recipient of a combined kid- 
ney-pancreas graft, lost his renal allograft from rejection; 

however, pancreatic function remained excellent. He re- 
ceived a second cadaveric kidney transplant that func- 
tioned well. However, his rejected first renal transplant 
had to be removed because the patient complained of 
discomfort due to the enlarged graft. At the time of the 
transplant, nephrectomy pancreatic function was excel- 
lent, and visual inspection at the time of surgery revealed 
a normal-looking pancreatic graft. One week after trans- 
plant nephrectomy, he acutely rejected his pancreatic graft 
and had to resume insulin therapy. It is therefore possible 
that the rejection response in SPK transplantation pri- 
marily targets the kidney and spares the pancreatic allo- 
graft. This observation is supported by our experience, in 
which only three isolated pancreatic allograft rejections 
occurred, whereas in 23 rejection episodes, the kidney 
alone was involved. As renal allograft rejections in general 
are easier to reverse and easier to diagnose, prompt an- 
tirejection treatment will, in most cases, prevent irrevers- 
ible damage to the pancreatic graft. 

In contrast to heart, liver, and kidney transplantation, 
the indications for pancreas transplantation are less well- 
defined. In treating preuremic patients, one must weigh 
the potential benefit of the pancreatic transplant against 
the risk of surgery and immunosuppressive therapy. 
Transplantation of the pancreas in preuremic patients is 
highly investigational, and only long-term studies will 
demonstrate if this procedure is justified. In sequential 
grafting, although additional surgery is required, immu- 
nosuppressive therapy does not change. However, as we 
have pointed out, the results of sequential grafting have 
been discouraging. As newer strategies for immunosup- 
pressive therapy are being developed, the role and indi- 
cations for sequential grafting must be carefully re-ex- 
amined. On the other hand, as indicated by our results 
as well as those of others,'*'* SPK transplantation seems 
to be associated with patient and graft survival rates that 
compare well with those associated with kidney trans- 
plantation alone in a group of diabetic patients. Clearly, 
not all diabetic patients with renal failure are candidates 
for this procedure. Many diabetic patients with end-stage 
renal failure have advanced secondary complications that 
do not warrant the additional risk of pancreatic trans- 
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plantation. In many instances, these complications are 
irreversible, and a pancreatic transplant would merely free 
the patient from requiring insulin injections. Freedom 
from insulin injections, however, cannot be considered 
the sole indication for pancreas transplantation. On the 
other hand, there is certainly a group of diabetic patients 
with end-stage renal failure who have minimal or limited 
secondary complications. This group of patients, usually 
younger individuals between the ages of 20 and 40 years, 
are good risk candidates for SPK transplantation. With a 
success rate at 2 years of 80% or greater and a mortality 
rate comparable to kidney transplantation alone, SPK 
transplantation seems justified in this group of patients. 
Of concern, however, is the rather high frequency of se- 
rious postoperative complications associated with pan- 
creas transplantation. Pancreas transplantation has been 
associated with numerous postoperative complications— 
in particular, complications related to exocrine pancreatic 
secretions. These include fistula formations, infectious 
complications including abscesses, mycotic aneurysms, 
peritonitis, and anastomotic leaks. Postoperative hem- 
orrhage and thrombosis of the graft are also feared com- 
plications. Therefore, in order to make pancreas trans- 
plantation a reasonable option for a select group of dia- 
betic patients, all efforts must be directed at the technical 
perfection of this procedure. Bladder drainage, introduced 
by our group in 1982,? has contributed to a significant 
reduction in surgical complications, particularly when the 
whole pancreatic graft is used. Although in our initial 
group treated with the duodenal button technique, bladder 
leaks occurred at a higher frequency, resulting in infectious 
complication, the duodenal segment modification intro- 
duced by Nghiem and Corry has added safety to the tech- 
nique.’ In using this technique, only one serious surgical 
complication has occurred in our experience of 15 con- 
secutively performed transplants. Yet even this compli- 
cation—bleeding from the distal splenic vessels—can be 
avoided. Based on these observations, it can be expected 
that pancreas transplantation can now be performed with 
acceptable morbidity. 

One complication previously reported frequently by all 
centers performing pancreas transplantation was early 
thrombosis of the graft. Even experienced units have re- 
ported a vascular thrombosis rate of up to 29%."* In our 
own series, vascular thrombosis occurred in only one of 
30 patients. Our data also demonstrate that systemic an- 
ticoagulation with heparin and/or dextran is not only un- 
necessary, but might enhance surgical morbidity due to 
bleeding complications. The only anticoagulation used in 
our series consisted of aspirin and Persantine® (Lederle, 
Wayne, NJ), administered for one month. One vascular 
thrombosis that occurred tn our series was attributable to 
a surgical error and not to the procedure per se. We there- 
fore feel that proper surgical technique, combined with 
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good organ preservation, will solve the problem of vascular 
thrombosis. 

Organ preservation with UW solution gives excellent 
and safe preservation for up to 20 hours. In our series, 
grafts preserved between 3 and 10 hours showed exactly 
the same post-transplant function as grafts preserved for 
10-20 hours. Reduced swelling of the graft after reper- 
fusion might be an important reason for the diminished 
incidence of vascular thrombosis. Also, peripancreatic 
fluid collection as a result of postpreservation pancreatitis 
have occurred only infrequently. Interestingly, in our ex- 
perience, all incidences of peripancreatic fluid collections 
or infections were associated with bladder leaks in the 
duodenal button group. No single infectious complicaticn 
occurred in the duodenal segment group. It is therefore 
possible that peripancreatic fluid collections were caused 
by leaks from minor ducts injured during the dissecticn 
of the duodenum from the pancreatic head while the dus- 
denal button was being created. Similarly, bleeding from 
small vessels in the pancreatic head can also be avoided 
by using the duodenal segment technique, where the need 
of skeletonizing the duodenum from the pancreatic head 
is avoided. 

Urinary amylase as a monitor of pancreatic function 
can be used for the detection of pancreatic rejection.'> '° 
This may be particularly important in isolated pancreas 
rejection. Urinary amylase monitoring is also important 
in situations where hyperglycemia occurs either during 
the administration of high-dose corticosteroids or hyper- 
alimentation. Absolute values of urinary amylase vary 
greatly within individual patients. In our series, the ma- 
jority of patients had values ranging from 20,000 to 
150,000 U/I. Extreme values are 51 U/l and 250,000 U/ 
l. Interestingly, several patients with urinary amylase val- 
ues between 50 U/l and 1000 U/l have perfectly func- 
tioning pancreatic grafts. It is possible that repeated epi- 
sodes of pancreatitis result in “burn-out” of exocrine tissue 
with preservation of endocrine function. By contrast, we 
have not observed a single instance in which urinary am- 
ylase remained high and endocrine function ceased. This 
observation speaks against the hypothesis that recurrent 
autoimmune phenomena may selectively destroy insulin- 
producing beta cells. 

Of concern in our series is the high incidence of rejec- 
tion episodes. Nearly twice as many rejection episodes 
occurred after combined grafting than in a comparable 
group of diabetic patients receiving a primary cadaver 
kidney allograft. It is possible that the larger mass of an- 
tigen is responsible for this. On the other hand, nearly all 
rejection episodes were successfully reversed. Although 
high-dose corticosteroids are a good choice for the treat- 
ment of initial rejection episodes, more recent observa- 
tions suggest that early OK T3 therapy is highly efficacious. 

Quality of life after pancreas transplantation has re- 
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cently been evaluated by the Stockholm group.!’ Fcurteen 
patients with combined kidney-pancreas transplanzs were 
compared to 16 diabetic patients receiving a kidnev trans- 
plant only. After a minimum follow-up of 2 yeas, two 
thirds of the patients of both groups were workirg, but 
90% of the patients of the SPK group and only 0% of 
those of the kidney-only group had a full-time occu ation. 
Furthermore, the amount of work lost in the SPK group 
was significantly less than in the kidney-only group. In- 
cluding other parameters, such as the amount of si&&kness 
pension paid, days of hospitalization, and physical a-tivity, 
the investigators concluded that after SPK transplanzation, 
patients seem to achieve a better quality of life than pa- 
tients who had received a kidney transplant only, and 
that the SPK patients have returned to a normal det and 
have achieved a more unrestricted lifestyle. 

These observations finally address the question of the 
indications for pancreas transplantation, which wre re- 
cently questioned by Pyke of King’s College Hosrital in 
London.'® The author, in reference to the high mcrtality 
and morbidity after pancreas transplantation and to a re- 
cently published study by Ramsay et al.'° investizating 
the progression of diabetic retinopathy after paacreas 
transplantation, concludes: “Until a clearly argued pro- 
posal for a controlled trial of pancreas transplantazion is 
put forward which confronts the problems raised ere, I 
find it difficult to see justification for its use in the treat- 
ment of diabetes.””’® This statement is particularly wue of 
the transplantation of nonuremic patients. Only w2ll-de- 
signed, prospective, randomized trials will provic'e the 
answer for the value of early pancreas transplantat.on in 
this particular patient group. By contrast, SPK transplan- 
tation has already been demonstrated to yield very good 
results in some centers and can be performed wich ac- 
ceptable morbidity and mortality. When performed in 
carefully selected patients, significant improvement in 
neuropathy,” microvascular disease,”! recurrence of ne- 
phropathy in the transplanted kidney,” and overall im- 
proved quality of life have been demonstrated. It is 
~ therefore our suggestion that SPK transplantation, -f per- 
formed in carefully selected patients and in center: with 
experience in the management of the diabetic transplant 
recipient, should now be considered therapeutic and ef- 
fective. 
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you yourself, along with the rest of the Minnesota Group, have made 
sO many contributions in this area. 

Dr. Sollinger’s success rate with the combined kidney-pancreas grafting 
procedure is truly unequaled by any of the U.S. or European programs 
in existence today. It might seem paradoxical, however, that the pancreas 
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transplant success rate is higher when performed simultaneously with 
kidney transplantation than when pancreas transplantation is performed 
either before or after kidney transplantation. 

(Slide) Our own data show a similar phenomenon—namely, that the 
success rate with the combined kidney-pancreas transplant approaches 
75-80%, as compared with approximately 50% for the overall group of 
patients on whom we have performed either kidney or pancreas trans- 
plants. 

David Sutherland, who is from Dr. Najarian’s department and who 
has made so many contributions to this field, has data from the pancreas 
transplant registry confirming a better success rate with pancreases when 
transplanted together with kidneys than when transplanted either before 
or after kidney transplantation. The obvious reason for this phenomenon 
is that the kidney is the signal of rejection. 

Pancreas transplantation ts the only treatment that returns the patient 
to a state of completely normal carbohydrate metabolism. The central 
issue is whether pancreas transplantation doss anything other than obviate 
the need for exogenous insulin. Dr, Sutherland’s data regarding preuremic 
patients are quite significant; he has shown that one can actually decrease 
the glomerular volume 2 years after successful pancreas transplantation. 

Here one will see the mesangial volume declining from 0.65 to 0.42 
microns, returning essentially to normal, and I therefore believe that we 
have reason to be encouraged. Nevertheless, I would state that we should 
be cautious as well, because of the number of complications that can 
occur, I am not certain that we are readv to extend the procedure as 
rapidly as we have with kidney transplantation. 


Dr. FRANK P. STUART (Chicago, Illinois): We, too, would like to 
congratulate Dr. Sollinger and his colleagues on this excellent series and 
pace-setting work. 

Following their lead, we began combined pancreas-kidney transplan- 
tations a year and a half ago, and have now performed 14 transplants, 
with no deaths and no loss of kidneys. Four pancreases were lost within 
the first few days to either pancreatitis or thrombosts, but ten of the 
pancreases are working well, and these patients no longer receive insulin. 

We have seen no incidence of pancreas rejection before the kidney 
transplants. Our baseline immunosuppression is Atgam™ (Upjohn, Kal- 
amazoo, MI). Imuran™ (Burroughs-Willcome, Triangle, NC), and pred- 
nisone, and early cyclosporine and rejections are treated fairly quickly 
with extra steroids and OKT3. That seems to have put recipients into a 
stable situation. 

One of my major questions for Dr. Sollinger regards their use of a 
single intra-abdominal incision for both grafts. We have been concerned 
that the possibility of pancreatitis might jeopardize the kidney. We have 
always thought that it was necessary to take the extra time to place each 
graft in its own iliac fossaria with separate, extra peritoneal incisions. 

I would appreciate comment on that. Thank you very much. 


Dr. JOHN S. NAJARIAN (Minneapolis, Minnesota): I was fortunate to 
have the opportunity to read Dr. Sollinger’s paper last night. My colleague, 
Dr. Sutherland, was going to give the discussion, but unfortunately, he 
is back home performing a combined pancreas and kidney transplant. 

There are several topics 1 would like to mention. One is that, 18 years 
ago, Dr. Richard Lillehei of our institution presented to the Association 
ten cases in which we performed combined kidney and pancreas trans- 
plantation. That was the beginning of clinical investigation in pancreas 
transplantation. We performed an additional three transplants of the 
pancreas alone. 

Because of the unfavorable results in our initial trials of the late 1970s, 
we began performing pancreas transplants alone. Now it seems that we 
have come full circle and are again performing combined organ trans- 
plants, as has been indicated by Dr. Sollinger, Dr. Stuart, and Dr. Corry. 

To date, we have performed 220 pancreas transplants. Of those, 110 
have been transplants of the pancreas alone, 90 were transplants of the 
pancreas after a kidney transplant, and 17 were combined transplants. 
Of the 17 patients who received combined transplants, all of those who 
underwent transplantation during the past 2 years are alive, and in 15, 
both organs function. In one patient, the pancreas alone functions and 
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the kidney has been rejected. In the remaining patient, the kidney alore 
is still functioning, whereas the pancreas had a thrombosis that resulted 
in its loss. 

I noted and feel strongly about Dr. Sollinger’s comment that we should 
be a little cautious in regard to transplants of the pancreas alone at this 
time. I believe that what is important in this field is prevention. An 
ounce of prevention is still worth a pound of cure. The complications 
of diabetes are devastating, yet we have now been able to show that the-e 
is a decrease in diabetic nephropathy after a successful pancreas transplart. 
In.addition, we have been able to show a decrease in the neuropathy 
after a pancreas transplant alone. Although our results with retinopathy 
over 3 years, which were recently published in the New England Journal 
of Medicine,' showed no change after pancreas transplantation, that serizs 
is now being updated, and we now do see an improvement in retinopathy, 
as well. So with these findings in mind, I believe that eventually the ideal 
transplant procedure will be to perform pancreas transplants alone ard 
prevent the complications from the kidney, nerves, and eyes. 

I would like to ask Dr. Sollinger only one question concerning the 
results of pancreas transplants alone. His results were, I believe, 31% 
graft survival with pancreas transplants alone, and he has now improved 
this to almost 90% with the combined operation. Dr. Corry mentioned 
this, and all of us have seen it, but not to this extreme degree. We ourselves 
are now achieving 60% graft survival with transplants of the pancreas 
alone, using the triple therapy that we introduced 4 years ago. 

I want to know what Dr. Sollinger’s explanation is for the difference 
between transplants of the pancreas alone (which can have a graft survival 
rate ranging from 30 to 60% at 1 year) and combined transplants (which 
can have graft survival rates as high as 90% at 1 year). 
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Dr. HANS W. SOLLINGER (Closing discussion): I would like to answer 
your question first, Dr. Najarian. I believe that the reasons for a differer.ce 
between pancreas alone and combined grafting between your group and 
our group are the following: 

First, because your group has by far the most experience in the wozld 
with preuremic grafting, you obviously have considerable experience in 
managing these patients and have fine-tuned the immunosuppress ve 
regimen, Second, the results also depend on the aggressiveness of ~he 
immunosuppressive strategy used. We have always adhered to the phi- 
losophy that patients who already have a successful kidney graft and 
have been on long-term immunosuppression should not be exposed to 
high-dose immunosuppressive therapy. Third, the inclusion in your grcup 
of living-related donors with the associated better tissue matches may 
also explain, in part, the somewhat higher success rate in your experierce. 

Dr. Stuart asked why we use a midline incision instead of a bilateral 
flank incision. In our previous experience, we frequently used a flenk 
incision similar to the incision that is used for a kidney transplant. Our 
infection rate using this incision, even if the pancreatic graft was placed 
intraperitoneally, was higher than when a midline incision was used In 
addition, the midline incision saved time, and as we have had no instar-ces 
of an infected pancreatic graft jeopardizing the kidney, we do not see a 
reason to use two incisions. However, other centers, such as the University 
of Iowa, are routinely using bilateral flank incisions, and they have re- 
ported excellent results. It probably all comes down to the surgecin’s 
preference. 

I fully agree with Dr. Corry, who cautioned against some aspects of 
our strategy for pancreas transplantation. The indications are much less 
well-defined than they are for kidney, heart, and liver transplantation. I 
personlly feel that pancreas transplantation should be performed primarily 
in centers that have a high degree of experience in transplantation of 
diabetic patients and at centers that have appropriate mechanisms for 
long-term, detailed follow-up of the influence of the pancreatic grafi on 
secondary complications. 
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Hypermetabolism, increased heart rate, and lipolysis are re- 
sponses to high catecholamine levels associated with burn injury. 
This study tests the hypothesis that adrenergic beta blockade in 
burns could reduce myocardial work, lipolysis, and negafive ni- 
trogen balance without adversely affecting cardiac or metabolic 
function. Eighteen patients with burns of 70 + 3% total burn 
surface area (TBSA) (Mean + SEM), were studied after a 5- 
day infusion of 2 mg/Kg of intravenous (I.Y.) propranolol irfusion 
‘every 24 hours without their cardiac output or resting energy 
expenditure being adversely reduced. Heart rate, left ventricular 
work, and rate pressure product were significantly reduced by 
20, 22, and 36%, respectively (P < 0.05). Plasma glucos2, free 
fatty acids, triglycerides, and insulin levels remained unchanged. 
The rate of urea production, however, was significantly inc~eased 
by 54 + 12% in fasted patients, and to a much lesser 12 + 2% 
in fed patients. The marked decrease in myocardial work afforded 
by propranolol administration may be of clinical benefit in the 
treatment of large burns. Variations in drug dosage and feeding 
regimens will, however, need to be perfected to limit catabolic 
effects: l 


increased heart rate, lipolysis,* and fatty inūltra- 

tion of the liver™*® are striking characterist.cs of 
the stress response to major thermal injury. Cardiac o.tput 
(CO) has been shown to be higher in the dynamic phase 
of burn injury than in any other hyperdynamic condi-ion.? 
In the hypermetabolic phase of burn injury, cardiac dys- 
function contributes significantly to mortality.”® Beta ad- 
renergic blockade has been used with success in pathclogic 
hypercatecholamine states and thyrotoxicosis’ br de- 
creasing myocardial work load, whole-body irritatility, 
and tremulousness. These findings provide a good ratio- 
nale for considering the use of B-blocking agents in se- 
verely burned patients who manifest these conditions. 
Legitimate concerns exist, however, that B-blockade night 
detrimentally affect metabolic and hemodynamic re- 


C ATECHOLAMINE!™? mediated hypermetabclism, 


sponsiveness in these patients. We have previously stown 


that after adrenalectomy or catecholamine depletian by 


Presented at the 108th Annual Meeting of the American Surgical As- 
sociation, San Francisco, California, May 2-4, 1988. 

Reprint requests and correspondence: David N. Herndon, M.D., Chief 
of Staff, Shriners Burns Institute, 610 Texas Avenue, Galvestor, TX 
77550. 

Submitted for publication: May 5, 1988. 


From the Shriners Burns Institute, The University of Texas 
Medical Branch, Galveston, Texas 


chronic reserpine administration, rats having a 60% total 
body surface area (TBSA) burn had lowered metabolic 
rates and increased mortality.!° Wilmore et al. have shown 
that the dose of B-blocking agent required for decreasing 
heart work in exposed patients with major burns also de- 
creases metabolic rate and core and skin temperatures.’ 
Core and skin temperatures elevated 2 C higher than nor- 
mal is a typical response to major burns!’ and may be 
beneficial in maintaining the responsiveness of subcellular 
enzymes to catecholamine control.!* Recent studies in 
patients with similar-sized burns and treated with closed 
dressings, however, have shown only minor decreases in 
metabolic rate after administration of similarly large doses 


- of propranolol. !? 


Catecholamines also stimulate lipolysis in burn pa- 
tients.*'* Acute administration of B-blocking agents pre- 
cipitously decreases the rate of release or appearance of 
free fatty acids (FFA) in plasma, indicating the important 
role that pre-existing sympathetic activity plays in the 
mobilization of FFA.* Chronic catecholamine blockade 
could, therefore, indirectly increase protein catabolism, 
since FFA is the primary endogenous energy substrate. 
The concern that propranolol could have a detrimental 
metabolic effect has been amplified by recent reports that 
catecholamines may have a direct protein anabolic ef- 
fect.'5-!7 l 

The purpose of this study was to test the hypothesis 
that chronic administration of propranolol in patients with 
large thermal injuries could be beneficial, with B-blockade 
decreasing myocardial work, lipolysis, tremulousness, and - 
generalized irritability without adversely affecting cardiac 
output, whole-body metabolic rate, or net protein break- 
down. The response to. 8-blockade was assessed in both 
fasted and fed subjects, since we felt that any detrimental 
metabolic effects stemming from the inhibition of lipolysis 
would presumably be overcome by adequate nutritional 
support. To determine the effect of blockade on net pro- 
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TABLE 1. Characteristics of Patients Studied 


Age Weight 

(yrs) (kg) 
Instrumented (n = 6) [7 3? 56+ 9 
Fasted (6 hrs) (n = 6) 5x5 29 + 30 
Fed (n = 6) 97 46 + 34 
Burn Control {n = 12) T45 se ee 
Convalescent (n = 5) 9+5 34+ 17 
Recovered (n = 5) 6+6 29 + 19 


Values are means + S.D. 


tein breakdown, we have quantitied the rate of urea pro- 
duction using the primed-constant infusion of '°N2-urea. 
With this approach, the need for the difficult task of col- 
lecting all sources of nitrogen loss is circumvented. 


Methods 


Forty severely burned patients were studied (Table 1). 
Eighteen patients with burns of 70 + 14% TBSA (Mean 
+ SD) were administered propranolol. These were divided 
into three groups: instrumented (n = 6), fasted (n = 6) 
and fed (n = 6), and were studied between 5 and 47 days 
postburn (12.6 + 5.4). 

Six instrumented patients, with Swan Ganz catheters 
placed for clinical purposes, were infused with doses of 
0.5 and 1 mg/kg propranolol. Cardiac output was deter- 
mined through the use of the thermal dilution technique, 
and pulmonary capillary wedge pressures, arterial and ve- 
nous blood gasses, and whole-body metabolic rates were 
monitored. These patients (age 17 + 3 years) were older 
than those in the other study groups, thus making Swan 
Ganz catheterization more practical and less dangerous 
than it is for younger children. 

Two groups of six patients each were administered pro- 
pranolol (2 mg/kg/day intravenously) at 8-hour intervals 
for 5 days. Urea production rate was measured in all pa- 
tients on the fifth day and on the first day immediately 
after the 5-day propranolol infusion period ended. All 
patients received enteral feedings of milk via a nasogastric 
tube as a continuous infusion at a rate to provide 1800 
kcal/m? body surface area (BSA) as maintenance and an 
additional 1678 + 585 kcal/m? BSA burn. This provided 


2840 + 532 kcal/m?/day, with 138 + 43 g of protein, 267. 


+ 46 g of carbohydrate, and 139 + 31 g of fat/m?/day. 
This solution was discontinued in six patients (fasted 
group) 6 hours before the study, and was begun again at 
the end of the study. In the remaining six patients (fed 
group), enteral feeding was continued throughout the 
study period. 

Twenty-two patients with similar age and burn size were 
additionally studied as controls: twelve were studied dur- 
ing the hyperdynamic response at 12 + 5 days postburn; 
five were completely healed but convalescing from their 


BSA Burn 

BSA Sie ee Day Studied 

(m?) % Total % Third Postburn 
1.5+0.3 82 + 11 76+ 14 20+ 15 
0.9 + 0.7 65 + 18 62+ 18 l4+ 4 
1.3 + 0.7 67+ 8 47 +27 10+ | 
0.9 +0.5 69+ 6 42 + 25 124 5 
0.7 + 0.5 56 + 18 40 + 28 66+ 23 
1.0 + 0.4 75 + 16 70 + 23 277 + 173 


* Significant difference between instrumented and fasted at p < 0.35. 


acute burn at 66 + 23 days postburn (convalescent); and 
five returned for reconstructive surgery 277 + 13 days 
postburn (recovered). All patients were treated by similar 
resuscitation, antimicrobial, and feeding protocols. Thizd- 
degree burn wounds were excised and covered with widzly 
expanded autograft and/or cadaver skin within 5 days 
of the time of injury. Areas with cadaver graft alone were 
subsequently replaced with autograft in 5 + 3 operative 
procedures. All studies were performed a minimum cf 2 
days after any operative procedure. Basal metabolic rates 
were determined at least twice during the study period, 
using a Horizon® Metabolic Measurement Cart (MM:C) 
(SensorMedics, Anaheim, CA). Between the hours o7 2: 
00 a.m. and 6:00 a.m., when the patients were at rest in 
a thermoneutral environment of 27 C, a tight-fitting face 
mask or endotracheal tube adaptor was used to collect 
inspired and expired gases. Oxygen consumption was de- 
termined by either the Fick method, when appropriate 
blood samples were available, or by the indirect method 
from inspired and expired oxygen concentrations. Heart 
rate and blood pressures were obtained each day. Feedings 
were continued throughout the entire study period, with 
the exception of the fasted group, who were not fed for 6 
hours before '°N>-urea infusion studies. A psychologist 
conducted a study blinded to the presence or absence of 
propranolol. The twelve patients receiving propranolol 
were compared to an age and burn size matched control 
group (n = 12) for anxiety, tremulousness, irritability, 
and fright reactions. 


Experimental Protocol for Metabolic Studies 
in Long-term Propranolol Infusion Group 


After a baseline blood sample was drawn, a primed- 
constant infusion of }*N>-urea (99% enriched, obtained 
from Cambridge Isotope Laboratory, Woburn, MA) was 
begun at a rate of 0.15 wmol/kg per minute and main- 
tained for 4 hours, using a calibrated syringe pump (Har- 
vard Instruments, Natick, MA). A bolus injection of 84 
umol/kg of infusate was administered over 1 minute as a 
priming dose. A 6-m1 blood sample was drawn before the 
'SN-urea infusion began and at 15-minute intervals 
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TABLE 2. Hemodynamic Comparisons for 0.5 mg/kg and 1.0 mg/kg Doses of Propranolol In Severely Burned Instrumented Patients 


486 
CI HR 
(L/min/m?) (beats/min) 
Basal (n = 6) 741.1 157 + 16 
0.5 mg (n = 6) 6.5 + 1.3 121 + 18* 
1.0 mg (n = 6) 6.8 + 1.0 116+ 16* 


Valus are means +-SD. 

PAWP = pulmonary arterial wedge pressure. 
LVWI = left ventricular work index. 

SVI = stroke volume index. 


throughout the last hour of isotope infusion. The exact 
infusion procedure was repeated 24 hours after the pro- 
pranolol treatment was discontinued. The validity of this 
approach to the quantitation of urea production has been 
extensively substantiated. !®:! 


Analysis of Samples 


Blood samples for isotopic enrichment and urea con- 
centration measurements were collected in cold heparin- 
ized tubes and stored on ice until the end of the infusion, 
when plasma was separated by centrifugation at 4 C and 
stored at ~20 C for later analysis. Samples for determi- 
nation of insulin concentration were collected in cold 
tubes containing EDTA and Aprotinin (Sigma Chem., St. 
Louis, MO), and the plasma separated and stored at 740 
C. Blood samples for catecholamine analysis were col- 
lected in cold tubes containing ethyleneglycol-bis (beta- 
aminoethyl ether) N, N-tetra-acetic (EDTA, 1 mg/ml 
blood) and reduced glutathione (2 mg/ml blood) and im- 
mediately separated at 4 C and stored at ~70 C until anal- 
ysis. 

Plasma catecholamine and propranolol concentrations 
were determined on erythrocyte-free plasma using high- 
pressure liquid chromatography (Smith Kline Bio-Science 
Laboratories, Van Nuys, CA). Insulin concentrations were 
determined by radioimmunoassay using a kit (Instar, 
Stillwater, MN). Triglycerides and glucose blood levels 
were measured on a multianalyzer (Technicon RA-1000, 
Terrytown, NY). Free fatty acids were determined through 
the use of the copper nitrate in ethanolamine atomic ab- 
sorption technique. _ 

The isotopic enrichment of plasma urea was measured 
on its bistrimethylsilyl derivative using a Hewlett-Packard 
(5985B) gas chromatography-mass spectrometer (Hewlett- 
Packard, San Diego, CA). The electron impact mode of 
ionization was used, and ions at m/e 189 and 191 were 
selectively monitored.”° 


Calculations and Statistical Methods 


Because an isotopic steady state was reached in all of 
the experiments, the rate of urea production was calcu- 
lated by the steady state equation, Ra = (IE,/IE, — 1) x F, 


PAWP 
(torr) 


14+ 5 
1545 
1547 


LVWI SVI R X P (x10) 
(kg-m/min/m°) (ml/min/m?) (product) 
7.6 + 1.0 48 +6 14.1 + 1.0 
5.9 + 1.4* - 54 + 6* 9.8 + 1.3* 
5.9 + 1.8* 58 + 8* 9.1 + 1.8" 


R X P = rate-pressure product. 

HR = heart rate. 

* Significant difference between basal (pre propanolol) and both the 
0.5 and 1.0 mg groups at p < 0.05. 


where Ra (umol/kg/min) is the rate of production of urea, 
IE; and IE, are the isotopic enrichments (MPE) of the 
labelled urea infused and the steady state enrichment of 
plasma urea, respectively, and F is the rate of infusion 
(umol/kg/min) of the tracer. 

All data in the text and tables are expressed as Means 
+ SD. In the experiments in which chronic propranolol 
was administered, the values obtained 24 hours after pro- 
pranolol infusion was discontinued were considered the 
basal values for comparison with the values obtained on 
Day 5 of propranolol treatment. In the instrumented 
group, values obtained before propranolol administration 
were considered basal. One-way analysis of variance was 
used to test for differences between experimental groups 
and within the acute experiment to test for dosage effects. 
The paired t-test was used to test the effect of chronic 
propranolol treatment on the various parameters mea- 
sured within each group of patients. Significance was ac- 
cepted at p < 0.05. 


Results 
Instrumented Patients 


Six severely burned patients instrumented for hemo- 
dynamic measurements were administered 0.5 mg/kg and 
1.0 mg/kg propranolol intravenously during the hyper- 
dynamic flow phase of their burn injury and compared 
with prepropranolol (basal) measurements. Propranolol 
caused significant decreases: from basal in heart rate, from 
157 + 16 to 121 + 18 and 116 + 16 beats per minute; 
left ventricular work index, from 7.6 + 1.0 to 5.9 + 1.4 
and 5.9 + 1.8 kg-m/min/m7; and the rate-pressure prod- 
uct, from 14.1 + 1.0 to 9.1 + 1.3 and 9.1 + 1.8 after 0.5 
mg/kg and 1.0 mg/kg doses of propranolol, respectively. 
Propranolol had no significant effect on cardiac output 
or pulmonary artery wedge pressure (Table 2). Although 
the basal resting energy expenditure (REE) of these pa- 
tients was elevated by more than 60% the value predicted 
by the Harris-Benedict equation?! for normal subjects of 
comparable stature, no significant difference could be 
demonstrated between basal values and those calculated 
one half hour after infusion of 0.5 or 1.0 mg/kg propran- 
olol. No differences for PAO.,/FiO; ratios, arterial venous 
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TABLE 3. Comparison of Metabolic Determinations for 0.5 mg and 1.0 mg/kg Doses of Propranolol in Severely Burned Instrumented Patients 


CaO,-CvQ, 
PaO, :FIO, (ml/100 ml blood) 
Basal (n = 6) 453 + 68 3.6 + 1.5 
0.5 mg (n = 6) 426 + 44 3.6 + 1.0 
1.0 mg (n = 6) 449 + 35 3.8 + 1.1 


Values are presented as means + S.D. 


blood oxygen content differences (CaO 2-CvO,), and ox- 
ygen consumption (VO,I), using either the Fick or the 
indirect method (the SensorMedics Metabolic Cart for 
REE determination) could be shown between basal and 
after 0.5 mg/kg and 1.0 mg/kg doses of propranolol 
(Table 3). 


Chronic Beta Blockade in Fed and Fasted Severely Burned 
Patients 


Twelve patients of similar age and burn size were given 
chronic parenteral infusions of propranolol (0.7 mg/kg 
every 8 hours) for 5 days and divided into fed (n = 6) and 
fasted (n = 6) groups. Venous blood samples for pro- 
pranolol determinations were drawn one half hour (ex- 
perimental) and 24 hours (basal) after the last propranolol 
dose for both the fasted and fed groups. Basal propranolol 
levels were <10 ng/ml in both the fed and fasted groups, 
increasing to 714 + 593 ng/ml in the fasted group and 
723 + 443 ng/ml in the fed group after propranolol in- 
fusion. These elevated propranolol concentrations are ap- 
proximately ten times the blood levels normally required 
for effective B-blockade.”” Blood samples from the fed 
patients (n = 6) were drawn for catecholamine determi- 
nation at the same time as for propranolol. Total cate- 
cholamine levels in the fed group were 2.0 + 1.1 ng/ml 
during basal conditions and 1.8 + 2.4 ng/ml during ex- 
perimental conditions. Norepinephrine concentrations 
were 1.7 + 0.8 ng/ml and 1.5 + 0.2 ng/ml for basal and 
experimental conditions, respectively, and epinephrine 
concentrations were 0.2 + 0.2 ng/ml and 0.2 + 0.1 ng/ 
mil for basal and experimental conditions, respectively. 


VO (A-V) VO,I (Indirect) REE 
(ml/min/m7?) (ml/min/m?) (Keal/24 m?/24) 
254 4 78 236 + 47 1794 + 266 
223 + 37 223 + 47 1691 + 1&9 
254+ 61 246 + 19 2011 + 399 


REE = resting energy expenditure. 


In all experiments with isotopes, a steady state was 
achieved for plasma enrichment of urea, indicating that 
the isotopic enrichment of urea was constant over time. 
Under these conditions, the steady-state equation de- 
scribed in the Methods section of this paper applies, 
thereby eliminating concern regarding potential variations 
in urea pool size or routes of secretion. 

The rate of urea appearance or production rate was 
significantly higher on the fifth day of propranolol infusion 
(experimental) than 24 hours after cessation of propran- 
olol (basal). The urea production during propranolol in- 
fusion was significantly increased in both fasted and fed 
patients, by paired f-analysis (p < 0.05). The rate of urea 
production during propranolol infusion was 54 + 12% 
higher than basal in the fasted patients, although that dif- 
ference was only 12 + 2% (Mean + SEM) in the fed pa- 
tients, which was significantly lower than in fasted patients 
at p < 0.05. 

Plasma glucose, total free fatty acid (FFA) insulin levels, 
metabolic rate, and triglycerides, showed no significant 
difference between basal and experimental conditions 
within groups; however, as expected, in the fed group 
compared with the fasted group, glucose and FFA were 
significantly higher (p < 0.05) (Table 4). Heart rate and 
rate times pressure product were decreased in all patients 
infused with propranolol, with oxygen consumption and 
REE remaining unchanged (Table 5). Metabolic rate was 
101 + 2 and 112 + 5% of that predicted by the Harris- 
Benedict equation in convalescent and recovered burn 
patients studies. This demonstrated that our technique of 
measuring metabolic rate is in keeping with more precise 


TABLE 4, Effect of Propranolol on the Rate of Urea Production and Plasma Concentrations of Associated Components 
of Urea Production in Fasted and Fed Burn Patients 


Urea Plasma 
Production Ra Glucose 
(x mole/kg/min) (mg/dl) 
Fasted study group (n = 6) 
Basal 44+ 1.5 132 + 33 
Experimental 6.4 + 1.3* 106 + 22 
Fed study group (n = 6) 
Basal 8.1 + 4.0 155 + 42 
Experimental 9.1 + 4.2" 140 + 17+ 
Normal Range ~ 70-100 


Values are means + S.D. 
* Significantly higher within groups when compared to basal at p 


Plasma Blood Urea 

Plasma FFA Triglycerides Nitrogen Insulin 
(mg/dl) (mg/dl) (mg/dl) U/ml 

14.3 + 1.5 162+ 75 10+ 4 — 

14.2 + 3.4 161+ 62 15: bi — 
30.1 + 8.9F 390 + 354 25 + 12+ 78 + 28 
36.2 + 8.2+ 362 + 314 23+ 10 79 + 26 
1-5 40-150 9-15 30-100 

< 0.05. 


+ Significantly higher between groups at p < 0.05. 
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TABLE 5. Metabolic and Hemodynamic Comparisons of Instrumented, Fasted, and Fed Burned Patients 





HR R x P (X10) VO- (Indirect) REE 
(beat/min) (Product) (ml/min/m°) % of Predicted 

Instrumented (n = 6) 

Basai 157 + 16 14.1 + 1.0 236 + 47 160 + 34 

Experimental 121 + 18" 9.8 + 1.3* 223 + 47 152 + 34 
Fasted (n = 6) 

Basal 171 + 20 15.5 + 2.4 232 + 57 133 + 32 

Experimental 140 + 11* 11.5 + 0.9* 228 + 24 125 + 22 
Fed (n = 6) 

Basal 160 + 25 13.8 + 2.6 257 + 68 161 + 30 

Experimental 133 + 22* 10.9 + 1.9* 244 + 80 154 + 52 


Values are means + S.D. 
* Significant difference from basal within groups at P < 0.05. 


direct techniques (Table 6). Length of hospital stay, days 
of sepsis (defined as the presence of positive blood cultures 
with ileus, obtundation, hyperglycemia, or thrombocy- 
_ topenia), and number of operative procedures in the fed 
and fasted study groups were not different from the age 
and burn size matched control group of patients (n = 12) 
not receiving propranolol (Table 7). There were no deaths 
recorded for any group of patients studied. Tremulous- 


TABLE 6. Heart Rate, Rate-pressure Products ‘RPP), and Resting 
Energy Expenditure (REE): Comparison of the Hyperdynamic, 
Convalescent, and Recovered Phases of Burn Injury 


Heart 
Rate RPP % of Predicted 
(B/min) (x107) REE 
Hyperdynamic Phase 
_ Acute burn group, fed 
(n = 24) 153 + 19* 13.4+ 1.7" 149 + 39ł 
Convalescent Phase 
Convalescent Group 
(n = 6) 141 + 16* 13.3 + 1.9* 101+ 2* 
Recovery Phase 
Recovered group 
(n = 6) 100 + 20 9.2418 1i2+ 5 
Values are Means + S.D. 


* Significantly different compared to Recovery Phase, p < 0.05. 
t Significantly different compared to Convalescent Phase, p < 0.05. 


TABLE 7. Comparison of Long-term Study Patients vs. Burn Control 
Patients: Days of Sepsis, Operative Procedures, 
Length of Stay and Mortality 


Number of 
Days of Operative Length Mortality 
TBSA Sepsis Procedures of Stay (%) 

Long-term 

propranolol 

(n = 12) 82412 Liti2 41417 49424 0 
Burn control 

group 

(n = 12) 69+ 6 1642.5 4642.7 44413 0 


Values expressed as Mean + S.D. 


Basal = basaloid for the hypermetabolic state during the flow phase 
of severe burn injury. 


ness, irritability, and fright reactions were markedly de- 
creased in the patients given propranolol for 5 days. 


Discussion 


The primary goal of this experiment was to determine 
if B-blockade could reduce left ventricular work, per unit 


- time, without adversely affecting oxygen delivery or other 


parameters of cardiovascular function. Our results indicate 
that this can be accomplished with the administration of 
0.5-1.0 mg/kg propranolol infused intravenously every 
6-8 hours. During blockade, maintenance of adequate O, 
delivery and cardiac output, was demonstrated not only 
by the assessment of other cardiovascular parameters 
(Table 2), but also by the fact that total oxygen con- 
sumption was not affected by propranolol. It is therefore 
possible that propranolol could be a useful adjunct to burn 
therapy, particularly in patients in whom left ventricular 
work index is elevated disproportionately compared with 
the elevation in metabolic demand. 

Whereas the failure of propranolol to significantly re- 
duce metabolic rate confirmed the continued availability 
of adequate tissue oxygenation, this failure was somewhat 
surprising in light of the previous findings of Wilmore et 
al.! These investigators had reported a decrease in met- 
abolic rate with combined alpha and beta adrenergic 
blockade in large burns. The discrepancy in our results 
may be explained by differences in the patient population 
studied. In the current series, the patients were totally 
excised, skin grafted, and studied while covered with oc- 
clusive dressing. By contrast, in the earlier study, the pa- 
tients had open burn wounds treated with topical anti- 
microbials and were more hypermetabolic than our pa- 
tients. For whatever reason, it is clear that pre-existing 
beta-adrenergic stimulation was not responsible for the 
significant elevation in metabolic rate observed in our 
patients, a result consistent with the recent report of Brei- 
tenstein et al.'? in patients treated comparably. 

In contrast to the potentially beneficial effects of 
propranolol on ventricular work, the chronic administra- 
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tion of propranolol caused a significant increase in urea 
production, indicating an accelerated rate of net protein 
breakdown. Our previous work has demonstrated that this 
finding cannot be ascribed to a flaw in the tracer method. ° 
We thought the catabolic effect of propranolol might be 
explained by the inhibition of lipolysis, thereby reducing 
the availability of the most important endogenous energy 
substrate. However, the acute suppression of FFA avail- 
ability by propranolol* is apparently not sustained with 
chronic blockade (Table 4). Although this is analogous to 
the situation in fasting, where acute administration of 
propranolol reduces FFA availability dramatically in 
fasted normal volunteers, chronic B-blockade throughout 
the 3 days of fasting is ineffective in preventing the adap- 
tive increase in FFA availability that occurs without 
blockade.” Thus, even in a situation in which catechol- 
amines play an important role in stimulating lipolysis, if 
that mechanism is chronically blocked, other mechanisms 
will become amplified in their stimulating effect, and thus 

accelerated lipolysis can be maintained. The fact that urea 
production was also significantly increased after blockade 
in fed patients further indicates that, at least in part,.this 
effect reflected a pre-existing protein anabolic role of cat- 
echolamines. Although a direct anabolic effect of cate- 
cholamines on protein synthesis runs against the general 
perception of epinephrine as a “catabolic hormone” (e.g., 
that of Bessey et al.),?? recent evidence supports the con- 
cept that there is an anabolic role for catecholamines. 
Direct inhibitory effects of catecholamines on the rate of 
protein degradation in vitro have been described,'* and 
epinephrine infusions in normal humans have elicited a 
reduction in both the rate of leucine appearance and ox- 
idation, indicating a reduction of both the absolute and 
net rates of protein breakdown in vivo.'*!© The fact that, 
in our experiment, neither glucose nor insulin trends were 
affected by propranolol further supports the concept that 
the resulting increase in urea production with propranolol 
administration reflected a pre-existing protein anabolic 
effect of catacholamines. 

The exaggerated thermic effect of feeding in burn pa- 
tients has been reported recently by Jeejeebhoy et al.” 
The fact that, despite the accelerated overall rate of me- 
tabolism, as well as markedly enhanced catecholamine 
stimulation, the magnitude of increase in urea production 
during propranolol was diminished as compared with the 
situation in fasting supports the concept that there may 
be a component of the response in fasting that is related 
to energy or amino acid availability. 

The data presented in this paper indicate that chronic 
administration of propranolol can be accomplished with- 
out adversely affecting morbidity or mortality. Whereas 
one would anticipate that a considerably longer treatment 
period than the 5 days tested in this study would be re- 
‘quired to document a significant beneficial outcome effect, 
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this time interval should have been sufficient to elicit any 
potentially detrimental side effects. On the other hand, 
these studies were conducted in patients in a low-isk 
group for cardiovascular problems. Extension of these 
observations to higher risk groups, such as elderly subjects, 
is in order before widespread clinical use of propranalol 
for the purposes outlined in this paper could be advocated. 
In'addition, more studies are needed in order to optimize 
administration of propranolol in relation to food intake, 
as well as with regard to dosage. Such studies are appro- 
priate, since the current data indicate that propranolol 
may be a useful means by which to reduce ventricular 
work in burn patients. 
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DISCUSSION 


Dr. P. WILLIAM CURRERI (Mobile, Alabama): I want to congratulate 

Dr. Herndon for this very provocative paper. it is an extraordinarily 
well-done study of a severely injured group of paiients, for which it 
certainly is difficult to collect data. 

I believe the paper challenges many of the concepis that investigators 
have proposed regarding the effect of catecholamines on metabolic re- 
sponsiveness in the injured patient, as first described by Wilmore and 
his group almost a decade and a half ago.’ 

His data today clearly demonstrates that the chronic administration 
of beta blockers can result in decrease of heart rate and left ventricular 
work index without sustained changes.in resting metabolic expenditure, 
the concentration of free fatty acids, or the concentration of the so-called 
anabolic and catabolic hormones in pediatric patients with severe burns. 

Like all good studies, I suspect that there are more questions raised 
by the study than answered, and I would like to address several questions 
to Dr. Herndon that I believe require response if this kind of work is to 
be extended generally to burn patients in other institutions. 

First, this study was performed entirely in a pediatric age group, and 
it is conceivable that the observed responses to beta blockade would not 
be observed in an adult population of burn patients. I am certain that 
Dr. Herndon has attempted blockade in the adult population as well, 
and I wonder whether he can tell us if there i is the same er of re- 
sponsiveness to beta blockade in adults, 

. Second, I think it is important to point out that all of ias patients 
were studied after excision—that is, between 4 and 9 days after excision, 
if I understand the data correctly, and thus an obvious control group is 
missing. That is the group of patients that have major burns but who 
have not undergone prolonged anesthesia, and often hypotension asso- 
ciated with major excision of 70 or 80% of the body surface. My question 
then is: In an animal population or perhaps in a patient that has not 
undergone excision, have you been able to establish what the effect of 
excision alone is on subsequent beta blockade? 

. Third, you stated that there were no significant detrimental effects 
noted in your study except the possible increase in protein degradation. 
I think that you demonstrated this to my satisfaction, but you have not 
addressed the patient who is stressed by major complication. I am im- 
pressed that, on the average, there was only | day of sepsis in this pop- 
ulation of patients. However, I believe that Dr. Wilmore and his colleagues 
very clearly established several years ago that such patients with combined 
beta and alpha blockade did not respond well to the stress of acute sepsis 
or to cold stress. I wondered if any of the patients in your study had a 
significant challenge with sepsis, allowing you to predict how they might 
react clinically after beta blockade. 

You showed that, if you fed these patients, there was a 12% increase 
in protein degradation that was not as significant as if they had fasted. 
However, I don’t think that you can completely disregard this increased 
protein degradation, particularly if you are going- to propose that there 
be chronic blockade with beta blocker administration over a long period 
of time, because one would expect protein degradation to result in marked 
decrease in the kinetic work reserve of the patient with loss of respiratory 
musculature. Although you might decrease cardiac workload, one would 
expect that respiratory muscle workload would increase and perhaps 
offset the advantages of chronic administration of beta blockers. 
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Finally, your manuscript states that beta blockage was associated with 
a reduction in tremulousness, anxiety, and fright reaction, but you pre- 
sented no objective data to substantiate this reduction. I wonder if you 
have any hard data which quantitates this observation. 
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DR. BASIL A. PRUITT, JR. (Fort Sam Houston, Texas): I, too, would 
like to compliment Dr. Herndon and his associates on a most interesting 
réport demonstrating that, at various times, postburn propranolol in the 
dosage from 0.5-2 mg per kilogram per day can decrease myocardial 
work without decreasing cardiac output or altering metabolic rate. This 
finding is somewhat at variance with earlier work, as Dr. Herndon notes, 
and one wonders what accounts for the difference. That is, were there 
either pharmacologic or physical differences in these patients? 

To address those possibilities, it would be helpful if Dr. Herndon would 
supply us with additional information and answer these specific questions. 

Were the patients in a metabolic steady state when measured? That 
is, were replicate measurements performed and how consistent were they? 
Because somé measurements were made using a “tight fitting face mask,” 
whereas others were made with an endotracheal tube adapter, did the 
measurement method influence the value of oxygen consumption? That 
is, were they systematically higher when measured with the mask in this 
pediatric age group? Because the patients were covered by occlusive 
dressings, did those dressings represent an insulating layer, and hence 
make temperature and oxygen consumption refractory to the effects of 
propranolol? 

Because the dose of propranolol used was administered over an 8- 
hour period, was beta adrenergic blockade truly achieved? That is, do 
you have any data confirming a response to a stimulant such as isopro- 
terenol? I would also ask the authors to put these findings in better clinical 
perspective. Because the decresae in heart rate effected by propranolol 
is typically accompanied by a decrease in cardiac output and the latter 
effect is characteristically accentuated in hyperdynamic situations, what 
is the authors’ explanation for what happened in their patients? In other 
words, why didn’t.cardiac output decrease in their hyperdynamic burn 
patients? Moreover, since propranolol increases airway resistance, as Dr. 
Curreri mentioned, is such therapy precluded in patients with inhalation 
injury? 

Finally, the authors propose propranolol as a therapeutic adjunct in 
patients at high risk for cardiovascular problems. However, that agent 
increases body sodium and extracellular fluid volume—actions that are 
most marked in patients with myocardial insufficiency—and we need 
to know how those actions could be controlled if, indeed, such patients 
are treated with propranolol. 

Again I would like to compliment the authors on a very provocative 
study. 


DR. JOSEF E. FISCHER (Cincinnati, Ohio): Once again, the group from 
Galveston has presented a very provocative study that challenges many 
of the tenets we have held in burn therapy, and the principal finding is 
a paradoxical increase in urea appearance, despite decreased cardiac work. 
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They were also appropriately cautious in applying this therapy, because, 
as they note in the manuscript, animals that are treated with propranolol 
seem to have lower resistance to stress. This is similar to the finding that 
if one depletes central norepinephrine to 6-hydroxydopamine, the animals 
have a lower response, but a lower survival as well. 

This paradoxical finding bothers the authors, and they have tried to 
explain the disparity between decreased cardiac work and the increased 
urea appearance. Everything I known about propranolol and metabolic 
effect would support that particular puzzlement. It decreases cardiac work 
and decreases adrenergic activity. In our laboratory, Perolof Hasselgren 
has been studying the interactions among thyroid hormone, insulin, and 
adrenergic activity, and has clearly shown (at least in vitro) that proteolysis 
is actually decreased, not increased, by propranolol in combination with 
insulin. 

The authors also see no change in oxygen consumption and resting 
energy expenditure, and offer several explanations for this apparent par- 
adoxical finding. 

The first is inhibition of lipolysis, which they discard because it is not 
borne out by their own data; the second explanation, as Doug Wilmore 
showed many years ago, is that fat in this situation does not appear to 
be protein-sparing—at least not in this phase of burn therapy. There are 
other possible causes for this absence of change in oxygen consumption 
and resting energy expenditure. One is a shift in extravascular to intra- 
vascular appearance of urea, and, as Dr. Pruitt has already pointed out, 
propranolol does cause those fluid shifts with accumulation of extravas- 
cular fluid. Third, I wonder whether it is possible that part of the increase 
is brought about by heat loss. If propranolol abolishes the vasoconstriction, 
and the temperature that these patients were measured at was 27 degrees, 
is it possible that some of this urea appearance is the result of increased 
heat loss? Fourth, I think one has to question the methodology of the 
steady state. This is a stable isotope infusion, short-term bolus, and 6 
hours of infusion. The authors assumed that this was a steady state, 
despite the fact that, in effect, they stopped feeding in the starved group 
6 hours before they started the infusion. 

A rough calculation of 138 g of protein for 24 hours with 64% appearing 
as urea is, according to Dave Owens’ data, 600 mg of urea per hour. In 
looking at the method of calculating urea appearance, a fall in nonlabeled 
urea and an increase in specific activity of urea would increase urea 
appearance markedly. Therefore, if, in fact, urea appearance is increased 
and these patients had normal renal function, one would expect increased 
urinary urea appearance and excretion. Was this the case? Also, if ca- 
tabolism is related to urea appearance, one should have been able to 
stratify these patients from urea appearance according to the calculation. 
That is not apparent from the manuscript. 

Again, as with many excellent papers, this raises many more questions 
than it answers. I appreciate having the apportunity to discuss it. 


Dr. DAVID M. HEIMBACH (Seattle, Washingon): I think Dr. Herndon 
and his group are to be complimented, perhaps not so much for this 
particular study as for taking twelve children with a mean burn size of 
71% and having all not only survive, but have an average of only 1 day. 
of sepsis. That is truly a remarkable achievement, but as I echo the 
comments of the other discussants, I fear that perhaps these children 
were not as stressed as the animals that did poorly in the previous studies 
when they had beta blockage and underwent additional stress. 

We must remember that the hypermetabolism after a burn may not, 
in fact, be a pathologic condition as it is in hyperthyroidism. A million 
years of evolution have suggested that the hypermetabolic rate is there 
for a purpose. Others would argue it is a little like having a St. Christopher 
medal in your car; it is only good up to 35 miles per hour. Nevertheless, 
there are mediated both “‘good” responses and “bad” responses. When 
we block the whole set of responses to eliminate the bad responses, we 
don’t know which of the “good” responses are also blocked. Therefore, 
I rise only to caution that this group of patients who clearly were not 
terribly stressed with sepsis, had enormous cardiac reserve, and were 
otherwise perfectly healthy, might have benefited by beta blockade that 
might be very hazardous to the adult patient. 


Dr. ROBERT H. DEMLING (Boston, Massachusetts): I would like to have 
Dr. Herndon discuss in a little more detail the potential role of the beta 
agonist in the adult burn patient populaiion. 
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As you all know, our current approach to the severely injured patient 
is to maximize oxygen delivery so that the oxygen consumption and the 
needs of the tissue can be maintained. Very frequently, particularly -n 
the elderly patient with major burns, we need to use beta agonists. We 
administer beta agonists to these patients to improve oxygen delivery so 
that we can meet tissue needs. In the multi-organ failure patient popa- 
lation, it is currently the treatment of choice to force oxygen delivery to 
maintain oxygen consumption. Of course, this particular study would 
be diametrically opposed to that concept. It is possible that one can get 
away with that in treating the child, but I would hope Dave would point 
out the marked difference between the child and adult. 


Dr. THOMAS K. HUNT (San Francisco, California): The abstract says 
that the propranolol was administered for 5.1 or 3 days. I thought I heerd 
in the presentation that it was administered for longer than that. If it 
was administered for a short period only, we would be able to understand 
why patients might not have been stressed. However, if it was administered 
for a longer period, it is much more difficult for me to understand, and 
I would have to agree with Dr. Demling in that respect. 


Dr. DAVID N. HERNDON (Closing discussion): In regards to the ques- 
tion of whether our blockade of catecholamines by propranolol was 
complete, the hope of this investigation was to administer a dose of 
propranolol that would block the deleterious cardiac effects without ad- 
versely effecting metabolic functions, including oxygen consumption, 
lipolysis, and nitrogen balance. 

The blockade was certainly complete for cardiac function. The dose 
of 0.5 mg per kilogram intravenously produced a maximal decrease in 
left ventricular work, heart rate, and rate pressure product. Doubling the 
dose to | mg per kilogram and further doubling that dose to 2 mg per 
kilogram, I.V. had no further effect on any of these parameters. 

We will perform isoproterenol challenges at a selected dose of pro- 
pranolol of 0.7 mg per kilogram in an effort to answer the question as 
to whether there is complete blockade of metabolic effect at that dose. 
Core and skin temperatures did not decrease with this treatment when 
patients were studied at thermal neutral environmental temperatures. 
We will investigate variations in metabolic responses to environmental 
temperatures in the future. 

I think it will be possible to obtain doses that will preserve the salutary 
cardiac effects without having deleterious metabolic effects in adults as 
well as in children. Dose response curves for cardiac and metabolic effects 
will be required for older patients who are at greater risk of cardiac 
pathology. We selected a low-risk group of patients to study initially, 
and can now extend this study to those patients who may benefit most 
from this particular kind of treatment. 

Dr. Pruitt has asked us how we can decrease heart rate and not decrease 
cardiac output. In the data that was presented, this is easily explamed 
by a reciprocal increase in stroke volume index. Cardiac work is related 
to rate and left ventricular work index. Certainly with higher doses than 
those studied here, there is the potential of decreasing cardiac output. I 
believe that the responsiveness of the heart in general should be far better 
at heart rates of 120 than at rates of 150-200. 
` Propranolol does cause changes in salt balance, as pointed out by Dr. 
Pruitt. That salt load is easily treated by judicious administration of 
furosemide. Dr. Pruitt asked whether there were changes in repeatability 
in our steady state metabolic experiments, and indeed, replicates were 
made and did correlate. The patients who were intubated also had Swan- 
Ganz catheters in, and oxygen consumption was determined not only 
with the indirect technique but with the direct technique as outlined in 
the manuscript, and they correlated precisely. 

In response to Dr. Demling: before extension of these results in children 
are applied to adults, further studies must be performed in adults. Our 
preliminary results, however, indicate that the adult’s response parallels 
that of the child almost precisely. 

In response to Dr. Curreri: we have studied both patients who were 
excised and those who were unexcised, and have found similar effects 
in both groups. l 

In response to Dr, Hunt: to our knowledge, no studies have been 
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conducted that extend the responses to chronic propranolol infusion 
beyond 5 days. As with any new drug administered over a prolonged 
period, caution must be observed. 

I must also respond to the question raised by Dr. Joseph Fisher con- 
cerning our methodology. We infused 15 N, urea by administering a 
priming dose of 84 umole kg™' of 15N, urea and proceeded to infuse 
15N, urea at a rate of 0.15 umole kg™' per minute for the next 4 hours. 
We sampled blood every 15 minutes during the final hour. To arrive at 
our results, we used the steady state equation RA = (JEi/IEp™')**. The 
rate of appearance (umole X kg™! xX minute) = rate of production or 
urea. IEi = isotopic enrichment of labeled urea infused. IEp = steady 
state enrichment of plasma urea. F = rate of infusion of the tracer. Dr. 
Fisher’s criticism is that he did not believe there would be 4 steady state 
condition after a 6-hour fast in these patients. Urea enrichment versus 
hours of infusion demonstrates that a plateau of urea enrichment was 
achieved in these patients from 4 to 6 hours postinfusion. This clearly 
indicates that an isotopic steady state was achieved. We know of no 
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evidence of decreased in vitro proteolysis. In all experiments with isotopes, 
a steady state was achieved for plasma enrichment of urea. 

We did not measure urea in urine as you suggest, because to obtain 
a representative rate of urea excretion, urine has to be collected over 
extended periods of time, usually 2~3 days, to account for fluctuations 
due to food intake and diurnal rhythms. Therefore, any acute variation 
in protein catabolism (and thus, in urea synthesis) due to a physiologic 
or pathologic pertubation may not be reflected in the urinary excretion 
raté, This method is unsuitable, therefore, to quantify urea production 
in any state characterized by acute changes. Furthermore, it is not practical 
for use in any pathologic state in which renal failure is manifested, because 
urea-clearance may be grossly altered due to reduction in glomerular 
filtration rate and rate of urine flow. This is further complicated in clinical 
situations (for example, severe thermal injury) in which an alteration in 
urine output, and hence of urea excretion, due to massive shifts in body 
fluids, may be compounded by significant losses or urea in wound ex- 
udate. bet on ee 
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ZANTAC* Injection — BRIEF SUMMARY 
(ranitidine hydrochloride) 

ZANTAC* Injection Premixed 

(ranitidine hydrochloride) 


The following is a brief summary only. Before herp see complete prescribing informa- 
tion in ZANTAC® Injection/ZANTAC® Injection Premixed product labeling. 
INDICATIONS AND USAGE: ZANTAC™ Injection and ZANTAC” Injection Premixed are indicated 
in some hospitalized patients with pathological seg aml conditions or intractable 
duodenal ulcers, or as an alternative to the oral dosage form for short-term use in patients 
who are unable to take oral medication. 
CONTRAINDICATIONS: ZANTAC” Injection and ZANTAC® Injection Premixed are contraindi- 
cated for patients known to have hypersensitivity to the rh 
PRECAUTIONS: General: 1. Symptomatic response to ZANTAC” therapy does not preclude the 
presence of ar malignancy. 
2. Since ZANTAC is excreted primarily by the kidney, dosage should be adjusted in patients 
with impaired renal function (see DOSAGE AND ADMINISTRATION). Caution should be 
observed in patients with hepatic dysfunction since ZANTAC is metabolized in the liver. 
3. In controlled studies in normal volunteers, elevations in SGPT have been observed when 
Ho-antagonists have been administered intravenously at greater than recommended doses fer 
five days or longer. Therefore, it seems prudent in patients receiving IV ranitidine at doses 

reater than or equal to 100 mg gid for periods of five days or longer to monitor SGPT daily 
(a day 5) for the remainder of IV therapy. 
Laboratory Tests: False-positive tests for urine protein with Multistix” may occur during 
ZANTAC therapy, and therefore testing with sulfosalicylic acid is recommended. 
Drug Interactions: Although ZANTAC has been reported to bind weakly to cytochrome P-450 
in vitro, recommended doses of the drug do not inhibit the action of the cytochrome P-450- 
linked oxygenase enzymes in the liver. However, there have been isolated reports of drug 
interactions that suggest that ZANTAC may affect the bioavailability of certain drugs by some 
mechanism as yet unidentified (eg, a pH-dependent effect on absorption or a change in volume 
of distribution). 
Carcinogenesis, Mutagenesis, Impairment of Fertility: There was no indication of tumori- 
ge or carcinogenic effects in lifespan studies in mice and rats at oral doses up to 

,000 mg/kg/day. 

Ranitidine was not mutagenic in standard bacterial tests (Sa/monella, Escherichia coli) tor 
mutagenicity at concentrations up to the maximum recommended for these assays. 
In a dominant lethal assay, a single oral dose of 1,000 mg/kg to male rats was without effect 

on the outcome of two matings per week for the next nine weeks. 
Pregnancy: Teratogenic Effects: Pregnancy Category B: Reproduction studies have been 
performed in rats and rabbits at oral doses up to 160 times the human oral dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to ZANTAC. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal repro- 
duction studies are not always predictive of human response, this drug should be used during 

regnancy only if clearly needed. 

ursing Mothers: ZANTAC is secreted in human milk. Caution should be exercised when 
ZANTAC is administered to a nursing mother. 
Pediatric Use: Safety and effectiveness in children have not been established. 
Use in Elderly Patients: Ulcer healing rates in elderly patients (65 to 82 years of age) treated 
with oral ZANTAC were no different from those in younger age groups. The incidence rates for 
adverse events and laboratory abnormalities were also not different from those seen in other 


age groups. 
ADVERS REACTIONS: Transient woh at the site of intramuscular injection has been npara. 
Haie local burning or itching has been reported with intravenous administration o 


The following have been reported as events in clinical trials or in the routine Lents aati ody of 
patients treated with oral ZANTAC. The relationship to ZANTAC therapy has been unclear in 
many cases. Headache, sometimes severe, seems to be related to ZANTAC administration. 
Central Nervous System: Rarely, malaise, dizziness, somnolence, insomnia, and vertigo. 
Rare cases of reversible mental confusion, agitation, depression, and hallucinations have been 
reported, predominantly in severely ill elderly patients. Rare cases of reversible blurred vision 
Hp “worked of a change in accommodation have been reported. 
Cardiovascular: Rare reports of tachycardia, bradycardia, and premature ventricular beats. 
Gastrointestinal: Constipation, diarrhea, nausea/vomiting, and abdominal discomfort/pain. 
Hepatic: In normal volunteers, SGPT values were increased to at least twice the pretreatment 
levels in 6 of 12 subjects receiving 100 mg qid IV for seven days, and in 4 of 24 subjects 
receiving 50 mg qid IV for five days. With oral administration there have been occasional 
eet za of reversible hepatitis, hepatocellular or hepatocanalicular or mixed, with or without 
aundice. 
usculoskeletal: Rare reports of arthralgias. 

Hematologic: Reversible blood count changes (leukopenia, granulocytopenia, and thrombo- 
cytopenia) have occurred in a few patients. Rare cases of agranulocytosis or of pancytopenia, 
sometimes with marrow hypoplasia, have been reported. 
Endocrine: Controlled studies in animals and man have shown no stimulation of any pituitary 
hormone by ZANTAC and no antiandrogenic activity, and cimetidine-induced gynecomastia 
and impotence in hypersecretory patients have resolved when ZANTAC has been substituted. 
However, occasional cases of "ga dl regs impotence, and loss of libido have been reported 
in nee patients receiving ZANTAC, but the incidence did not differ from that in the general 

Opulation. 

ntegumentary: Rash, including rare cases suggestive of mild erythema multiforme, and, 
rarely, alopecia. 
Other: Rare cases of hypersensitivity reactions (eg, bronchospasm, fever, rash, eosinophilia) 
and small increases in serum creatinine. 
OVERDOSAGE: Information concerning possible overdosage and its treatment appears in the 
full prescribing information. 
DOSAGE AND ADMINISTRATION: (See complete prescribing information in ZANTAC® Injection, 
ZANTAC” Injection Premixed product labeling.) 
Dosage Adjustment for Patients with impaired Renal Function: On the basis of experience 
with a group of subjects with severely impaired renal function treated with ZANTAC, the 
recommended dosage in patients with a creatinine clearance less than 50 mi/min is 50 mg 
every 18 to 24 hours. Should the patient's condition require, the frequency of dosing may be 
increased to every 12 hours or even further with caution. Hemodialysis reduces the level of 
circulating ranitidine. Ideally, the dosage schedule should be adjusted so that the timing of a 
scheduled dose coincides with the end of hemodialysis. 
HOW SUPPLIED: ZANTAC” Injection, 25 mg/ml, containing phenol 0.5% as preservative, is 
available as follows: 
NDC 0173-0362-38 2-ml single-dose vials (Tray of 10) 
NDC 0173-0363-39 10-ml multi-dose vials (Singles) 
NDC 0173-0363-00 40-m! Pharmacy Bulk Packages (Singles) 
NDC 0173-0362-00 2-mi single-dose, prefilled, disposable syringes (Singles) 

Store below 30°C (86°F). Protect from light. 

ZANTAC” Injection Premixed in 0.45% Sodium Chloride, 0.5 mg/ml, is available as a 
sterile premixed solution for IV administration in 100-ml single-dose flexible plastic containers 
(NDC 0173-0407-00). It contains no preservatives. 

Exposure of pharmaceutical products to heat should be minimized. Avoid excessive heat. 
Protect from freezing. It is recommended that the product be stored at room temperature 
(25°C); however, brief exposure up to 40°C does not adversely affect the product. 
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ZANTAC* Injection in vials: 

Glaxo Inc., Research Triangle Park, NC 27709 

ZANTAC” Injection in prefilled syringes: 

Manufactured for Glaxo Inc., Research Triangle Park, NC 27709 
by Survival Technology, Inc., Bethesda, MD 20814 

ZANTAC™ Injection Premixed: 

Manufactured for Glaxo Inc., Research Triangle Park, NC 27709 
by Abbott Laboratories, North Chicago, IL 60064 

© Copyright 1987, Glaxo Inc. All rights reserved. 
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CHAIRMAN 


DEPARTMENT 





OF SURGERY 


GREATER BALTIMORE MEDICAL CENTER, 
(GBMC), a prestigious 352 bed specialty 
teaching hospital in the northern suburbs 
of Baltimore, Maryland, is seeking a Chair- 
man for the Department of Surgery. 


This very active department experiences 
3,700 annual admissions as well as over 
4,400 outpatient surgical procedures, 
The department includes a colo-rec- 
tal residency training program. The 202 
surgeons on staff comprise the depart- 
ment's divisions of General and Vascu- 
lar Thoracic Surgery, Urology, Neurosur- 
gery, Plastic Surgery and Orthopaedics. 


Candidates must have demonstrated 
leadership in clinical, teaching and ad- 
ministrative areas appropriate for a surgi- 
cal department with the highest stan- 
dards of patient management and an 
unusually well qualified surgical staff. The 
successful applicant will be a prominent 
surgeon with the ability to develop and 
implement the goals of the Department. 


GBMC, Maryland’s third most active 
acute care hospital, offers an attractive 
private practice environment on a fifty - 
seven acre suburban campus with dy- 
namic, state- of-the-art medical care 
and a full array of support services. The 
Hospital is less than 15 minutes from down- 
town Baltimore with its outstanding edu- 
cational and entertainment opportuni- 
ties. The options for public and private 
elementary through post graduate edu- 
cation are unsurpassed. 


Applicants should forward a curriculum 
vitae fo: 





Stephen M. Busky, MD 
Chairman, Surgery Search 
Committee 
c/o Mary E. Ross, MSN, RN 
Vice President, 
Nursing / Operations 
GREATER BALTIMORE 
MEDICAL CENTER 
6701 North Charles Street 
Baltimore, Maryland 21204 


GBMC 


OREATER Bay IMONE MED AL CENTERN oe 


Equal Opportunity Employer 
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50 mg/5 mL. 


For control of severe pain, you've 
chosen high dose parenteral narcotics 
via continuous infusion. Now, con- 
sider Dilaudid HP. 


New Dilaudid HP® pro- 
vides a highly concentrated 
solution (10mg/mL) of hy- 
dromorphone HCI. Each 
milligram of parenteral 
Dilaudid provides the 
analgesic equivalence of 
8mg of parenteral mor- 
phine sulfate. This is 
vitally important given the limited 
volume of infusion pumps- sub- 
cutaneous or intravenous. And, 
Dilaudid has a short plasma half- 
life so essential when choosing a 
narcotic for infusion. 


Dilaudid 
minima! 











ar” 


*Warning;: Dilaudid Cll (hydromorphone HCI) 
may be habit forming. 


Please see brief summary of prescribing information 
on adjacent page. 
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in a limited volume 





` Dilaudid- HP. < 


Subcutaneous injections of 


HP are well-tolerated, with 
pain and/or burning at the 
injection site. And, it's par- 
ticularly well accepted when 
administered with a short 27 
gauge needle. 


Dilaudid HP is available 
in ImL (10mg) and 5mL 
(50mg) ampules—idea! 
potency alternatives 
to reduce the need for 
frequent changes of 
pump reservoirs, and 
reduce pharmacy time, 
nursing time and pa- 
tient cost. 


Dilaudid -Designed for the many 
ways to treat chronic severe pain. 


Knoll Pharmaceuticals 
A Unit of BASF K&F Corporation 
Whippany, New Jersey 07981 
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Dilaudid: 


hydromorphone HCI 


WARNING: DILAUDID-HP (HIGH-POTENCY) 
IS A HIGHLY CONCENTRATED SOLUTION 
OF HYDROMORPHONE INTENDED FOR 
USE IN NARCOTIC-TOLERANT PATIENTS. 
DO NOT CONFUSE DILAUDID-HP WITH 
STANDARD PARENTERAL FORMULATIONS 
OF DILAUDID OR OTHER NARCOTICS. 
OVERDOSE AND DEATH COULD RESULT. 
CONTRAINDICATIONS: DILAUDID is contra- 
indicated in patients with a known hypersensi- 
tivity to hydromorphone; in the presence of an 
intracranial lesion associated with increased 
intracranial pressure; and whenever ventilatory 
function is depressed (chronic obstructive pul- 
monary disease, cor pulmonale, emphysema, 
kyphoscoliosis, status asthmaticus). 

DILAUDID-HP is contraindicated in patients 
who are not already receiving large amounts 
of parenteral narcotics and in obstetrical 
analgesia. 

WARNINGS: 

Drug Dependence: DILAUDID can produce 
drug dependence of the morphine type and 
therefore has the potential for being abused. 
Psychic dependence and physical dependence 
and/or tolerance may develop upon repeated 
administration of DILAUDID. It should be pre- 
scribed and administered with the same 
degree of caution appropriate to the use of 
morphine. Since DILAUDID-HP is indicated for 
use in patients who are already tolerant to and 
hence physically dependent on narcotics, 
abrupt discontinuance in the administration of 
DILAUDID-HP is likely to result in a withdrawal 
syndrome (see Drug Abuse and Dependence). 

Infants born to mothers physically depen- 
dent on DILAUDID will also be physically 
dependent and may exhibit respiratory diffi- 
culties and withdrawal symptoms (see Drug 
Abuse and Dependence). 

Impaired Respiration: Respiratory depres- 
sion is the chief acute hazard of DILAUDID. 
Respiratory depression occurs most frequently 
in the elderly, in the debilitated and in those 
suffering from conditions accompanied by 
hypoxia or hypercapnia. In these patients even 
moderate therapeutic doses may dangerously 
decrease pulmonary ventilation. 

Head Injury and Increased Intracranial Pres- 
sure: The respiratory depressant effects of 
DILAUDID with carbon dioxide retention and 
secondary elevation of cerebrospinal fluid pres- 
sure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions, 
or preexisting increase in intracranial pressure. 
Narcotic analgesics including DILAUDID may 
produce effects which can obscure the clinical 
course and neurologic signs of further increase 
in pressure in patients with head injuries. 
Hypotensive Effects: Narcotic analgesics, 
including DILAUDID, may cause severe hypo- 
tension in an individual whose ability to main- 
tain his/her blood pressure has already been 
compromised by a depleted blood volume, or 
a concurcurrent administration of drugs such 
as phenothiazines or anesthetics (see also 
Precautions—Drug Interaction). DILAUDID 
may produce orthostatic hypotension in ambu- 
latory patients. 

DILAUDID-HP should be administered with 
caution to patients in circulatory shock since 
vasodilation produced by the drug may further 
reduce Cardiac output and blood pressure. 
Acute Abdominal Conditions: The adminis- 
tration of narcotics may obscure the diagnosis 
or clinical course of patients with acute 
abdominal conditions. 

PRECAUTIONS: 
General: Because of its high concentration, 
the delivery of precise doses of DILAUDID-HP 


may be difficult if low doses of hydromorphone 
are required. Therefore, DILAUDID-HP should 
be used only if the amount of hydromorphone 
required can be delivered accurately with this 
formulation. 

In general, narcotics should be given with 
caution and the initial dose should be reduced 
in the elderly or debilitated and those with 
severe impairment of hepatic, pulmonary or 
renal function; myxedema or hypothyroidism; 
adrenocortical insufficiency (e.g., Addison's 
Disease): CNS depression or coma; toxic psy- 
choses, prostatic hypertrophy or urethral stric- 
ture; gall bladder disease; acute alcoholism; 
delirium tremens; or kyphoscoliosis. In the 
case of DILAUDID-HP, however, the patient is 
presumed to be receiving a narcotic to which 
he or she exhibits tolerance and the initial 
dose of DILAUDID-HP selected should be 
estimated based on the relative potency of 
hydromerphone and the narcotic previously 
used by the patient. 

Convulsive Disorders: DILAUDID may 
aggravate preexisting convulsions in patients 
with convulsive disorders. 

Biliary Tract Surgery: Narcotic analgesics 
including DILAUDID should also be used with 
caution in patients about to undergo surgery 
of the biliary tract since it may cause spasm of 
the sphincter of Oddi. 

Cough Reflex: DILAUDID suppresses the 
cough reflex; as with all narcotics, caution 
should be exercised when DILAUDID is used 
postoperatively and in patients with pulmonary 
disease. 

Usage in Ambulatory Patients: Narcotics 
may impair the mental and/or physical abili- 
ties required for the performance of poten- 
tially hazardous tasks such as driving a car or 
operating machinery; patients should be cau- 
tioned accordingly. 

Drug Interactions: The concomitant use of 
other central nervous system depressants 
including sedatives or hypnotics, general 
anesthetics, phenothiazines, tranquilizers and 
alcohol may produce additive depressant 
effects. Respiratory depression, hypotension 
and profound sedation or coma may occur. 
When such combined therapy is contem- 
plated, the dose of one or both agents should 
be reduced. Narcotic analgesics, including 
DILAUDID, may enhance the action of neuro- 
muscular blocking agents and produce an 
increased degree of respiratory depression. 
PREGNANCY-—CATEGORY C: 

Human: Adequate animal studies on repro- 
duction have not been performed to determine 
whether hydromorphone affects fertility in 
males or females. There are no well-controlled 
studies in women. Reports based on market- 
ing experience do not identify any specific ter- 
atogenic risks following routine (short-term) 
clinical use. Although there is no clearly 
defined risk, such reports do not exclude the 
possibility of infrequent or subtle damage to 
the human fetus. DILAUDID should be used 
in pregnant women only when clearly needed 
(see Labor and Delivery and Drug Abuse and 
Dependence). 

Labor and Delivery: DILAUDID-HP is con- 
traindicatec in Labor and Delivery (see Contra- 
indications section). As with all narcotics, 
administration of DILAUDID to the mother 
shortly before delivery may result in respira- 
tory depression in the newborn, especially if 
higher doses are used. 

Nursing Mothers: Low levels of narcotic anal- 
gesics have been detected in human milk. As 
a general rule, nursing should not be under- 
taken while a patient is receiving DILAUDID 





since it, and other drugs in this class, may be 
excreted in the milk. 

Pediatric Use: Safety and effectiveness in 
children have not been established. 

DRUG ABUSE AND DEPENDENCE 

Narcotic analgesics may cause psychological 
and physical dependence (see Warnings). 
Physical dependence results in withdrawal 
symptoms in patients who abruptly discon- 
tinue the drug. Withdrawal symptoms also 
may be precipitated in the patient with physi- 
cal dependence by the administration of a 
drug with narcotic antagonist activity, e.g., nal- 
oxone (see Overdosage). Physical depen- 
dence usually does not occur to a Clinically 
significant degree until after several weeks of 
continued narcotic usage. Tolerance, in which 
increasingly large doses are required in order 
to produce the same degree of analgesia, is 
initially manifested by a shortened duration of 
analgesic effect, and subsequently, by de- 
creases in the intensity of analgesia. 

In chronic pain patients in whom narcotic 
analgesics including DILAUDID are abruptly 
discontinued, a severe abstinence syndrome 
should be anticipated. 

ADVERSE REACTIONS: 

The adverse effects of DILAUDID are similar 
to those of other narcotic analgesics and rep- 
resent established pharmacological effects of 
the drug class. 

ADVERSE EVENTS OBSERVED WITH 
NARCOTIC ANALGESICS: 

General and CNS: Dysphoria, euphoria, 
sedation, drowsiness, weakness, headache, 
agitation, tremor, uncoordinated muscle move- 
ments, alterations of mood (nervousness, 
apprehension, depression, floating feelings, 
dreams), muscle rigidity, paresthesia, muscle 
tremor, blurred vision, nystagmus, diplopia 
and miosis, transient hallucinations* and dis- 
orientation, visual disturbances, insomnia and 
increased intracranial pressure may occur. 

“Hallucinations, although unusual with pure 
agonist narcotics, have been observed in one 
patient following both a 6 mg and a 4 mg 
DILAUDID-HP dose. 

Cardiovascular: Flushing of the face, chills, 
tachycardia, bradycardia, palpitation, faint- 
ness, syncope, hypotension and hypertension 
have been reported. Circulatory depression, 
peripheral circulatory collapse and cardiac 
arrest have occurred after rapid intravenous 
injection. 

Respiratory: Respiratory depression, bron- 
chospasm, laryngospasm have been reported. 
Gastrointestinal: Dry mouth, constipation, 
biliary tract spasm, anorexia, diarrhea, cramps 
and taste alterations have been reported. 
Nausea and vomiting occur more frequently in 
ambulatory than in recumbent patients. Opi- 
ate agonist-induced increase in intraluminal 
pressure may endanger surgical anastomosis. 
Genitourinary: Urinary retention or hesitancy 
and antidiuretic effects have been reported. 
Dermatologic: Pruritus, urticaria, other skin 
rashes, wheal and flare over the vein with 
intravenous injection, and diaphoresis have 
been reported with narcotic analgesics. 
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Interleukin-2 Initiates Metabolic Responses 
Associated with Critical Illness in Humans 





HAMISH R. MICHIE, F.R.C.S.(E),* TIMOTHY J. EBERLEIN, M.D.,* DAVID R. SPRIGGS, M.D.,t KIRK R. MANOGUE, PH.D., 
| ANTHONY CERAMI, PH.D., and DOUGLAS W. WILMORE, M.D.* 


The cytokine interleukin-2 is a primary modulator of the immune 
response that occurs after infection, trauma, and transplant re- 
jection, yet its role as a mediator of associated metabolic changes 
in surgical illness is unknown. We studied clinical and metabolic 
responses in eleven tumor-bearing humans with normal renal 
and hepatic function receiving bolus intravenous (I.V.) interleu- 
kin-2 (30,000 U/kg). Additional subjects (n = 6) were pretreated 
with the cyclooxygenase inhibitor, ibuprofen (1600 mg, orally), 
before interleukin-2 administration. Serial measurements were 
made of vital signs, symptoms, hematology, and plasma concen- 
` trations of pituitary and stress hormones and selected cytokines, 
Administration of interleukin-2 resulted in fever, tachyacardia, 
“flu-like” symptoms, and neurohormonal elaboration. The re- 
sponses observed were quantitatively similar to those that oc- 
curred after endotoxin administration in healthy subjects (n 
= 13), but differed in the following manner: 1) the onset of fever 
and endocrine changes occurred after a longer latent interval 
(180-240 minutes vs. 60-90 minutes after endotoxin), 2) peak 
responses after the administration of interleukin-2 also occurred 
later, 3) no increased circulating tumor necrosis factor was de- 
tected after administration of interleukin-2 (peak plasma con- 
centration was <35 pg/ml ys. 270 + 70 pg/ml after endotoxin 
administration), and 4) administration of interleukin-2 but not 
of endotoxin was associated with increased circulating concen- 
trations of gamma interferon (peak plasma concentration 1.7 
+ 0.2 NIH U/ml ys. < 0.1 NIH U/ml after endotoxin admin- 
istration). Fever and neurohormonal responses after interleukin- 
2 administration were greatly attenuated by ibuprofen admin- 
istration. Interleukin-2 induces other cytokines that exert their 
effects largely through the cyclooxygenase pathway. Interleukin- 
2 may be an important signal, initiating the integrated host re- 
sponses to infection and injury. 


Presented at the 108th Annual Meeting of the American Surgical As- 


sociation, San Francisco, California, May 2~4, 1988. 

Reprint requests: Dr. Douglas W. Wilmore, Department of Surgery, 
Brigham and Women’s Hospital and Harvard Medical School, Boston, 
MA 02115. 

This study was supported by National Institute of Health Grants: 
Trauma Center Grant P50 GM 36428-03, A1 21359, and Clinical Re- 
search Center Grant 20-9299. 

Submitted for publication May 5, 1988. 


From the Departments of Surgery and Surgical Oncology, 
Brigham and Women’s Hospital and Harvard Medical 
School," the Department of Clinical Pharmacology, Dara- 
Farber Cancer Institute and Harvard Medical School, Boston, 
Massachusetts, t and the Laboratory of Medical 
Biochemistry, Rockefeller University, New York, New York} 


systemic responses that occur after injury and infec- 

tion are related to elaboration of cytokines by the 
host. Cytokines are a diverse group of polypeptides re- 
leased from activated reticuloendothelial cells, which have 
multiple biological activities.’ Interleukin-2—one such 
cytokine—is a 15,000 kD polypeptide that is primarily 
synthesized by activated helper (OKT4) T cells. Interleu- 
kin-2 is a primary mediator of clonal expansion of T lym- 
phocytes and modulates other components of immune 
function, particularly those involved in the rejection of 
allografts. These effects have been the subject of extensive 
investigation.” By contrast, relatively little information is 
available concerning the possible role of interleukin-2 in 
the metabolic responses that occur after infection and in- 
flammation. 

Interleukin-2, administered alone or in combination 
with autologous lymphokine-activated killer cells, has 
marked tumorocidal activity, both in vitro’ and in tumor- 
bearing animals* and humans.° Results from clinical trials 
indicate that interleukin-2 administration is associated 
with marked toxicity, which limits the quantity of this 
cytokine that can be administered.*’ However, the mech- 
anisms whereby interleukin-2 induces these adverse host 
responses has not been clarified. 

The purpose of the present study was to characterize 
the acute responses that occurred in humans after a single 
bolus intravenous (I.V.) injection of interleukin-2. Pre- 
liminary observations suggested similarities between the 
responses that occurred after interleukin-2 administration 
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TABLE |. Characteristics of Patients Who Received Interleukin-2 








Weight/Range Height/Range 
Age/Range (kg) (cm) Sex Tumor Type 
Malignant melanoma (3) 
Lymphoma (3) 

Group not receiving 50 (26-67) 68 (46-77) 162 (148-173) 8M 3F Renal Cell Carcinoma (2) 
ibuprofen Colonic adenocarcinoma (1) 
| Ovarian adenocarcinoma (1) 

Group receiving 47 (28-60) 74 (65-83) 168 (163-175) 4M 2F Malignant melanoma (5) 


ibuprofen 


Renal Cell Carcinoma (1) 





and those which we have reported previously as occurring 
in normal humans receiving Escherichia coli endotoxin.® 
As a result, patients who received interleukin-2 were stud- 
ied, following the same protocol used in studying the sub- 
jects receiving endotoxin, so that the effects of the two 
stimuli could be compared. We have also reported that 
symptoms, fever, and neurohormonal responses that oc- 
cur after endotoxin administration were markedly atten- 
uated by pretreatment of subjects by cyclooxygenase in- 
hibition.® Therefore, we followed a similar treatment pro- 
tocol and administered ibuprofen to a group of patients 
receiving interleukin-2 to determine if the host responses 
that occur after cytokine administration were attenuated 
by inhibition of cycloxygenase. 

Interleukin-2 initiated characteristic responses asso- 
ciated with infection, including fever, tachycardia, and 
increased elaboration of pituitary and stress hormones. 
The time course of these changes differed from those that 
occurred after endotoxin administration, suggesting that 
these responses were not due to endotoxin contamination 
in the interleukin-2, but were related to the effects of in- 
terleukin-2 itself. Host responses that occurred after in- 
terleukin-2 administration were greatly attenuated by 
ibuprofen treatment. 


Materials and Methods 
Interleukin-2 Studies 


The patients (n = 17) were admitted to the Clinical 
Research Center of Brigham and Women’s Hospital for 
study and treatment (Table 1). All patients had metastatic 
cancer that was unresponsive to conventional treatment 
and were enrolled in a clinical trial involving administra- 
tion of interleukin-2 and lymphokine-activated killer cells. 
Details of the treatment protocol and of tumor responses 
are reported elsewhere.’ Patients selected for metabolic 
studies fulfilled the following criteria: 1) they had an 
ECOG performance of 0;'° 2) they had normal renal and 
hepatic function, 3) they had normal peripheral white cell 
counts (WBC between 3000-11,000/mm°, hematocrit 
> 25%, platelets > 100,000/mm?, 4) at least 4 weeks had 
intervened since the completion of any previous therapy, 
including surgery, chemotherapy, or radiotherapy, 5) they 


showed no evidence of infection, 6) they had received no 
previous treatment with interleukin-2 or other cytokines, 
and 7) they had received -no medication during the pre- 
vious 4 weeks, apart from nonopiate analgesia. Written 
consent was obtained from each patient, and the study 
was approved by the Committee for the Protection of Hu- 
man Subjects from Research Risks of Brigham and 
Women’s Hospital. 

All patients were admitted to our institution at least 18 
hours before the study began, and all medications were 
witheld after admission. At 6:30 a.m. on the morning of 
the study, an I.V. catheter was placed in the antecubital 
fossa for interleukin-2 administration and blood sampling. 
The interleukin-2 used in this study was recombinant hu- 
man interleukin-2 (Ortho Pharmaceuticals, Raritan, NJ), 
which was administered as a bolus I.V. injection of 30,000 
U/kg body weight over the course of 30 seconds. The 
endotoxin content of the interleukin-2 was less than 15 
pg/10° units of interleukin-2 when measured by a limulus 
lysate assay. 

The last six subjects studied received ibuprofen (Mo- 
trin™, Upjohn Co, Kalamazoo, MI), 1600 mg, orally, in 
divided doses, the first being given 90 minutes before in- 
terleukin-2 injection, and the second dose coinciding with 
the injection. All injections of interleukin-2 were admin- 
istered between 8 a.m. and 9 a.m. 


Measurements 


Body temperature was measured orally every 30 min- 
utes, from 1 hour before to 6 hours after interleukin-2 


- injection. Heart rate was obtained from an EKG monitor, 


and mean arterial pressure was measured using a Dinamap 
monitor (Critikon Inc, Tampa, FL). Symptoms were 
evaluated every 30 minutes after interleukin-2 adminis- 
tration, using a previously described approach."! 

Blood samples were obtained from the I.V. sampling 
catheter immediately before interleukin-2 injection and 
at 2, 4, and 6 hours after the injection. Samples were 
processed for measurement of hemoglobin, white blood 
cell count, and differential. Plasma ACTH, cortisol, cat- 
echolamines, and growth hormone concentrations were 
measured by previously described techniques.® Plasma 
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tumor necrosis factor levels were determined by an en- 
zyme-linked immunoassay.'' Plasma concentrations of 
gamma interferon were measured by a previously de- 
scribed radioimmunoassay!” (Centecor Inc, Malvern, PA). 
The lower limit of detection for this assay was 0.1 NIH 
units/ml. 


Endotoxin Studies 


Healthy male volunteers (n = 21) received bolus I.V. 
endotoxin (4 ng/kg) or 0.9% saline in paired studies. The 
endotoxin used was U.S. Reference E. coli endotoxin 
(Bureau of Biologics, National Institute of Health, Be- 
thesda, MD). The same dosage schedule as that of the 
interleukin-2 patients was used for the last eight subjects, 
who received ibuprofen. Vital signs, symptom scores, and 
blood samples were obtained at the same time points as 
those in the interleukin-2 study. Results of this investi- 
gation have been reported in part elsewhere.*"! 


Data Analysis 


Statistical calculations were performed on a micro- 
computer (Macintosh SE, Apple Computer, Inc., Cuper- 
tino, CA) using a standard statistical package (Statview 
512+, Brainpower Inc, Calabasas, CA). Results are ex- 
pressed as mean + standard error of the mean. Differences 
were considered significant at p < 0.05. 


Results 


Clinical Signs and Symptoms After Interleukin-2 Admin- 
istration (Without Ibuprofen) 


After administration of interleukin-2, the patients re- 
mained asymptomatic for at least 180 minutes. After this 
time, patients not pretreated with ibuprofen experienced 
“flu-like” symptoms, including headaches, myalgias, 
chills, and nausea. These symptoms peaked between 240- 
270 minutes after interleukin-2 administration, and then 
gradually declined (Fig. 1). Body temperature became el- 
evated above basal at 210 minutes after injection, and 
temperature continued to rise until the end of the study 
(Fig. 1). ) 

Heart rate rose above basal 150 minutes after interleu- 
kin-2 administration, preceding the onset of fever or 
symptoms. The tachycardia continued until the end of 
the study period (Fig. 1). No significant change in mean 
arterial pressure occurred at any time during the study. 

Effect of Ibuprofen: Five of the six patients pretreated 
with ibuprofen remained asymptomatic throughout the 
study. Four hours after interleukin-2 injection, one patient 
developed moderate nausea that persisted for 1 hour. 
Thus, the peak symptom score in the pretreated subjects 
was 0 + 0 (range of 0-2), compared with 8 + 1, (range of 
4-10) in the group not pretreated (p < 0.001 by unpaired 
t-test) (Fig. 2). Fever did not occur in any. of the subjects 
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Fic. 1. Clinical and neurohormonal responses that occur after interleukin- 
2 administration (30,000 U/kg, I.V.) compared with those that occur 
after administration of E. coli endotoxin (4 ng/kg, I. V.). Both substances 
were administered at time 0, and both induced symptoms, fever, pituitary, 
and stress hormone elaboration. After interleukin-2 administration, re- 
sponses occurred approximately 2 hours later than after endotoxin. 


pretreated with ibuprofen (peak temperature of 37.0 + 0.1 
C, (range 36.6-37.2) vs. 38.7 + 0.2, (37.8-39.5), (p 
< 0.001) (Fig. 2). The tachycardia that occurred after in- 
terleukin-2 injection was attenuated by ibuprofen (peak 
heart rate of 98 + 5 beats per minute, (range 85-119) vs. 
115 + 5 (93-147) (p < 0.05) (Fig. 2). 


Hormonal Responses 


In subjects not receiving ibuprofen (Fig. 1), plasma 
concentrations of ACTH, cortisol, epinephrine, and nor- 
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FIG. 2. The effect of pretreatment with ibuprofen (1600 mg, oraEy) on 
responses that occur after interleukin-2 administration. Fever, achy- 
cardia, symptoms, and cortisol elaboration were markedly attenuaced in 
the pretreated subjects. 


epinephrine became elevated after interleukin-2 injec-ion. 
Peak responses occurred 4 hours after injection, anč cir- 
culating levels declined thereafter. ‘Two hours after irjec- 
tion, catecholamine levels were elevated above tasal 
whereas ACTH and cortisol concentrations were still basal 
at this time. 

Effects of Ibuprofen: The increase in plasma cor-isol 
concentrations after interleukin-2 administration -was 
markedly attenuated by ibuprofen; peak plasma cor-isol 
concentration 21 + 2 ug/dl, (range 18-24) vs. 31 + Zup/ 
dl (18-43) (p < 0.05, Fig. 2). Peak ACTH concentrat-ons 
tended to be less in the ibuprofen pretreated group, geak 
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plasma ACTH concentration 40 + 9 pg/ml, (range 25- 
85) vs. 130 + 47 (25-518) (p = NS). Pretreatment with 
ibuprofen did not attenuate the rise in circulating epi- 
nephrine levels after interleukin-2 injection; peak plasma 
epinephrine 77 + 28 pg/ml, (range 7.7—205) vs. 91 + 21 
(20-248) (p = NS). Similarly there was no significant at- 
tenuation of the rise in plasma norepinephrine levels after 
interleukin-2 administration by ibuprofen; peak plasma 
norepinephrine 390 + 75 pg/ml (range 169-587) vs. 507 
+ 108 pg/ml (148-1435) (p = NS). 


Plasma Cytokine Concentrations 
Plasma concentrations of gamma interferon were below 

the limit of detection in six of eleven subjects and ranged 
from 0.1-0.9 NIH U/ml in the remaining five. Levels 
rose in all eleven subjects and peaked 4 hours after injec- 
tion (mean 1.8 + 0.1 NIH U/ml, range 0.5-5.3, p < 0.01, 
compared with basal by paired ż-test) (Fig. 3). 

- In nine of the eleven subjects not pretreated with in- 
buprofen, plasma tumor necrosis factor concentrations 
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Fic. 3. Changes in circulating gamma interferon and tumor necrosis 
factor after interleukin-2 or endotoxin administration. Interleukin-2 
caused a marked rise in plasma levels of gamma interferon, but not in 
tumor necrosis factor. By contrast, endotoxin administration was asso- 
ciated with increased circulating tumor necrosis factor but not gamma 
interferon. Error terms are not assigned to basal values that were close 
to or below the limit of detection. After administration of interleukin-2 
or endotoxin, the rise in circulating cytokines was related in time to the 
onset of clinical and neurohomonal responses. 
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were below the 95% confidence level of detection (35 pg/ 
ml) at all time points. One subject with a basal plasma 
tumor necrosis factor concentration of <35 pg/ml showed 
an increase to 96 pg/ml 4 hours after interleukin-2 injec- 
tion. A second, with a baseline plasma tumor necrosis 
factor concentration of 92 pg/ml showed an increase to 
205 pg/ml 4 hours after interleukin-2 administration. 

Effect of ibuprofen: Pretreatment with ibuprofen did 
not attenuate the rise in gamma interferon concentrations 
4-6 hours after interleukin-2 administration (peak plasma 
concentration 1.6 + 0.5 NIH U/ml (range 0.5--5.1, p 
= NS, compared with the group not pretreated). 


Alterations in Circulating Leukocytes 


Interleukin-2 administration was associated with 
marked alterations in all the major circulating white cell 
populations. Four hours after injection, a significant 
polymorphonuclear leukocytosis was present that had in- 
creased further after 6 hours (Fig. 4). Interleukin-2 also 
induced a significant lymphopenia and monocytopenia 
that was maximal at 4 hours post-injection and was still 
present 6 hours after injection. 

Effects of Ibuprofen: Pretreatment with ibuprofen did 
not significantly alter the changes in the white cell pop- 
ulations after interleukin-2 administration (Fig. 4). 


Comparison of the Effects of Interleukin-2 with those of 
E. coli endotoxin 


The “flu-like” symptoms that occurred after interleu- 
kin-2 injection were qualitatively and quantitatively in- 
distinguishable from those that occurred after endotoxin 
administration. However, the onset of symptoms after 
endotoxin administration always occurred within 90 
minutes of injection, in marked contrast to the delay of 
at least 3 hours that occurred after interleukin-2 injection. 
Similarly, peak symptoms always occurred much later 
after interleukin-2 administration than after endotoxin 
injection (Fig. 1), With the doses used, although the max- 
imum fever and tachycardia with the two agents were also 
similar, the time interval from injection to the onset of 
responses was longer for patients receiving interleukin-2 
than for those receiving endotoxin. Peak responses were 
similarly delayed (Fig. 1). 

Although interleukin-2 and endotoxin induced com- 
parable neurohormonal responses, these alterations also 
occurred more rapidly after endotoxin (Fig. 1). Plasma 
ACTH and cortisol were invariably basal 2 hours after 
interleukin-2 administration, whereas they were always 
elevated 2 hours after endotoxin administration (Fig. 1). 

After the administration of endotoxin and interleukin- 
2, the magnitude of alterations that occurred in circulating 
white cell populations were similar, and both the onset 
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Fic. 4. Alterations in circulating white cell populations after interleukin- 
2 or endotoxin administration. Both substances induced increased cir- 
culating neutrophils and decreased circulating lymphocytes and mono- 
cytes. These responses were unaffected by ibuprofen. 


of changes and the peak responses occurred at the same 
time (Fig. 4). 

After interleukin-2 administration, tumor necrosis fac- 
tor generally was not detected in the circulation of patients. 
Two hours after endotoxin administration, elevated 
plasma tumor necrosis factor concentrations occurred in 
ten of the 13 subjects, with a mean concentration of 220 
+ 40 pg/ml and a range of <35~740. The onset of symp- 
toms, fever, and neurohormonal changes was temporally 
related to the appearance of tumor necrosis factor in the 
circulation. This data is reported in detail elsewhere. '' 

By contrast, the increased circulating gamma interferon 
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Fic. 5. Infection/Endotoxin or cell-mediated immune responses may 
both initiate stress response. Tumor necrosis factor may be stimulated 
directly or indirectly via interleukin-2 (IL-2). Gamma interferon may 
produce similar effects and/or amplify the effects of tumor necrosis factor, 
presumably by upregulating receptor number. 


concentrations observed after interleukin-2 administra- 
tion did not occur after administration of endotoxin 
(plasma concentrations were below 0.1 NIH U/ml at all 
time points sampled in all subjects). 


Discussion 


Fever, tachycardia, leukocytosis, and increased pituitary 
and stress hormone elaboration are predictable responses 
that occur in critically ill humans.'? Over the past 5 years, 
we have attempted to define the mediators that initiate 
- specific aspects of the stress response by monitoring the 
physiologic and metabolic alterations that occur in hu- 
mans after receiving a variety of hormonal and inflam- 
matory stimuli. These studies have included the I.V. ad- 
ministration of three counter-regulatory hormones,'* the 
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intramuscular administration of etiocholanolone to in- 
duce sterile inflammation, the combination of stress 
hormones and etiocholanolone,’* I.V. administration of 
E. coli endotoxin, with and without ibuprofen,®!! and 
most recently, administration of I.V. recombinant tumor 
necrosis factor.'® 

Administration of stress hormones resulted in negative 
nitrogen balance, hyperglycemia, and insulin resistance-— 
catabolic responses similar to those that occur in humans 
after receiving a variety of hormonal or inflammatory 
stimuli, Etiocholanolone administration resulted in local 
inflammation, fever, tachycardia, and leukocytosis; how- 
ever, no significant neuroendocrine response occurred. 
When both etiocholanolone and stress hormones were 
administered simultaneously, all components of the host’s 
response to critical illness were observed. Thus, two pri- 
mary stimuli—stress hormones and inflammation-——-were 
needed to induce the changes associated with critical ill- 
ness. i 

In contrast to these two stimuli, administration of the 
single stimulus, E. coli endotoxin evoked the entire con- 
stellation of responses—fever, acute-phase responses, and 
stress hormone elaboration. Many of these responses were 
mediated through the cyclooxygenase pathway. After en- 
dotoxin administration, the only cytokine that became 
elevated in the circulation was tumor necrosis factor, with 
interleukin-1, interleukin-2, and gamma interferon con- 
centrations remaining unchanged. When tumor necrosis 
factor was administered to tumor-bearing humans, the 
responses that occurred were similar to those endotoxin 
administration. However, responses occurred almost im- 
mediately after the tumor necrosis factor infusion. By 
contrast, after endotoxin was administered, there was a 
60-90 minute delay before the onset of clinical signs and 
symptoms. This evidence, considered in conjunction with 
studies in mice and primates, which, in turn, show that 
the acute host responses to endotoxemia or bacteremia 
can be attenuated with neutralizing antibodies against tu- 
mor necrosis factor,'”:'® strongly suggest that tumor ne- 
crosis factor is the principal cytokine initiating the met- 
abolic responses that occur after sepsis/endotoxemia. 

Nevertheless, the present study demonstrates that in- 
terleukin-2 administration is also associated with fever, 
symptoms, neurohormonal, and acute-phase responses 
that are qualitatively and quantitatively similar to those 
that occurred after administration of endotoxin or tumor 
necrosis factor. The interleukin-2 used in this study was 
manufactured through the use of recombinant bio-engi- 
neering technology, and thus may be contaminated by 
minute concentrations of bacterial endotoxins. However, 
the responses observed after interleukin-2 administration 
could not be attributed to the endotoxin contamination 
for the following reasons: 1) the time course of changes 
that occurred after interleukin-2 administration was 
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markedly different from the time course of responses that 
occurred after endotoxin or tumor necrosis factor infu- 
sion, 2) circulating tumor necrosis factor was not consis- 
tently detected after interleukin-2 administration, whereas 
it was generally present in the bloodstream 90-180 min- 
utes after endotoxin administration,'' 3) increased cir- 
culating gamma interferon concentrations were always 
detected 4-6 hours after interleukin-2 admunistration, 
whereas this cytokine was not detected in plasma after 
endotoxin injection. 

Studies in animals and in cell culture systems dem- 
onstrate that although interleukin-2 does not have direct 
pyrogenic activity, it is capable of inducing fever and other 
responses through the induction of tumor necrosis factor 
and gamma interferon.’””° In the present study, no met- 
abolic or endocrine effects were observed after interleukin- 
2 administration until a second cytokine (i.e., gamma in- 
terferon) appeared in the circulation. When tumor ne- 
crosis factor,’® interleukin-1,7! and gamma interferon” 
have been administered to animals or humans, responses 
occurred within 30-60 minutes. By contrast, interleukin- 
2 administration was associated with an asymptomatic 
period of 2.5-3.0 hours. The length of delay before the 
onset of symptoms is similar to the time required for in- 
terleukin-2 to induce production of gamma interferon and 
tumor necrosis factor in vitro.” 

Gamma interferon has been infused intravenously into 
tumor-bearing humans and will induce “flu-like” symp- 
toms, fever, and hormonal responses that are qualitatively 
and quantitatively similar to those observed in the present 
study, but with a much more rapid onset.**4 However, 
the dose of gamma interferon required to induce com- 
parable febrile and neurohormonal responses is associated 
with plasma concentrations much higher than those that 
occurred after interleukin-2 administration. This suggests 
that a hypersensitivity response to gamma interferon oc- 
curred in our subjects. Several explanations exist for this 
observation: 1) large amounts of gamma interferon may 
be generated locally, (e.g., in the hypothalamus and other 
tissues, after interleukin-2 administration and circulating 
levels may no longer reflect the extent of total host elab- 
oration of this cytokine, or 2) gamma interferon may be 
acting in synergy with another cytokine or cytokines to 
elicit host responses. Although after interleukin-2 admin- 
istration, circulating tumor necrosis factor was not con- 
sistently detected in the present study, other investigators 
have administered larger doses of interleukin-2 (100,000 
U/kg, I.V.) to humans and have reported that tumor ne- 
crosis factor is present in the circulation 2-4 hours after 
administration. When tumor necrosis factor was ad- 
ministered intravenously to humans, host responses oc- 
curred at doses that produce undetectable plasma con- 
centrations even when highly sensitive assay systems are 
being used.” It has been shown that, both in vitro”® and 
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in tumor-bearing humans (our unpublished observations), 
the biologic effects of tumor necrosis factor are greatly 
amplified by gamma interferon. The metabolic responses 
documented in the present study may therefore represent 
combined responses to both tumor necrosis factor ard 
gamma interferon, acting in synergy. Tumor necrosis faz- 
tor in these patients may be secreted and circulate belaw 
the limits of detection of our existing assay systems. 

The final common pathway mediating many of the 
metabolic responses that occur after interleukin-2 infusion 
involves activation of cyclooxygenase. This is similar to 
the host responses that occur after administration of en- 
dotoxin,® tumor necrosis factor,” and interleukin-1.7 Tae 
central role that cyclooxygenase plays in these responses 
to cytokines has important implications in the develap- 
ment of strategies to modify the course of critical illness. 
The intrinsic toxicity of interleukin-2 has limited the 
quantity of this agent that can be administered. For ex- 
ample, the amelioration of the toxic effects of interleukin- 
2 by administration of cyclooxygenase inhibitors may al- 
low higher doses of interleukin-2 to be administered to 
patients, both in the treatment of cancer and in the res- 
toration of immunocompetence.”? 

One concern with the use of such therapy is the effect 
of interleukin-2 therapy on fluid retention, which may 
be exacerbated by co-administration of cyclooxygenase 
inhibitors.” However, preliminary data on three patients 
who received ibuprofen (2400 mg/day) for 5 days, during 
which period interleukin-2 (30,000 U/kg) was given three 
times daily, have demonstrated the same attenuation of 
symptoms, fever, and tachycardia, but over a more pro- 
longed period. No significant increase in fluid retention 
was observed, and there was no impairment of tumoricidal 
responses after this therapy (our unpublished observa- 
tions). Similarly, high doses of cyclooxygenase inhibitors 
have been administered to patients after abdominal op- 
erations, with a low incidence of side effects and with 
significant attenuation of the stress response that occurs 
after major surgery.” 

It has long been thought that post-traumatic responses 
were somehow mediated by factors liberated from the pa- 
tient’s wound.” The magnitude of the host response is 
generally related to wound size, and post-traumatic events 
return to normal with wound closure.*? Initial studies 
suggested that neuro-afferent signals from the injury site 
were primarily responsible for pain and activation of the 
pituitary/adrenal axis. However, other investigators de- 
innervated superficial wounds or used spinal anesthesia 
to block nervous afferent impulses.** Both manipulations 
had little effect on hypermetabolic responses, suggesting 
that circulating substances, not afferent nervous impulses, 
mediated post-traumatic responses. Additional studies in 
thermally injured patients demonstrated that these pa- 
tients consistently selected a warm ambient environment 
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to achieve comfort. In this environment, they maintained 
elevations in both surface and body temperature (38-39 
C). These patients maintained an increased metabolic rate, 
in part, to satisfy this upward reset in central temperature 
that resulted in an increased thermoregulatory drive.*> 
When serum from these patients was injected into the 
hypothalamus of rabbits, fever was produced. This fever- 
inducing factor (or factors) was heat labile and caused 
hyperpyrexia in endotoxin-resistant animals, thereby sat- 
isfying the criteria that the circulating factor was endog- 


enous pyrogen.*° These present studies confirmed the 


earlier hypothesis that a circulating factor was present in 
critically ill patients, causing alterations in hypothalamic 
function. This factor (or factors) appears to be discrete 
cytokines elaborated by the host’s own cells. 

Many of these substances elaborated after an inflam- 
mation have now been characterized and synthesized 
through the use of recombinant technology. The present 
study, coupled with previous work, suggest that at least 


two cytokines (interleukin-2 and tumor necrosis factor) 


fulfill the criteria for classification as postinflammatory 
circulating signals that initiate and propagate metabolic 
responses after critical illness. Endotoxin is a potent stim- 
ulus for the production and elaboration of tumor necrosis 
factor.'! Endotoxemia may commonly be associated with 
gram-negative bacteremia. Others have postulated addi- 
tional mechanisms by which endotoxin could be released 
from a wound or the gastrointestinal (G.I.) tract and ini- 
tiate responses associated with critical illness.” In other 
clinical situations characterized by responses to foreign 
antigen, it is difficult to attribute all the host responses to 
endotoxemia. Host responses that occur after transplant 
rejection or blood transfusion are similar to those that 
occur after sepsis. These events are known to be associated 
with generation of interleukin-2, The present study dem- 
onstrates that interleukin-2 will evoke all the responses 
that occur after endotoxin administration. Furthermore, 


repeated administration of interleukin-2 does not induce 


a State of tolerance, in contrast to the well-documented 
tolerance that occurs after repeated exposure to endo- 
toxin.*° Induction of interleukin-2 may thus represent an 
additional, alternative or amplification pathway for ini- 
tiating responses during critical illness. 

After the development of a wide variety of critical ill- 
nesses, both the macrophage and the immune system (T 
cells) are activated. Depending on the specific disease pro- 
cess, the extent of elaboration of the various cytokines 
(specifically interleukin-2, tumor necrosis factor, inter- 
leukin-1, and gamma interferon) is likely to define the 
nature of the systemic host responses (Fig. 5). 

Irrespective of the initial stimulus and the exact quantity 
of cytokines produced, the final common pathway leading 
to many of the host responses is the activation of arach- 
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idonate cyclooxygenase. This step can be pharmacologi- 
cally inhibited with readily available agents. 

Although cytokines participate in the inflammatory re- 
sponse, initiating local healing and wound repair, these 
molecules induce systemic metabolic responses. The ex- 
tent to which cytokines are released from the site of in- 
flammation into the bloodstream is likely to be related to 
the extent of injury or infection. With the identification 
of these cytokine signals, we should now direct our efforts 
towards modifying their adverse systemic responses while 
maintaining or augmenting host defense and mechanisms 
of tissue repair. 
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DISCUSSION 


Dr. BASIL A. PRUITT, JR. (Fort Sam Houston, Texas): I wish to com- 
pliment Dr. Michie and his colleagues on adding another fine study to 
their systematic evaluation of the mediators and moderators of the sys- 
temic responses to injury and infection. 

In this paper, they have identified IL-2 as a cytokine that evokes fever, 
tachycardia, and humoral changes similar to those evoked by endotoxin. 
But they also note that the response is slower in onset and is accompanied 
by a rise in gamma interferon, rather than a rise in tumor necrosis factor, 
as occurs after endotoxin. 

The authors state that the IL-2 preparation contains 15 pg of endotoxin 
per million units, and one must ask whether they believe that the dif- 
ference in the time course that they emphasize is explainable on the basis 
of endotoxin dose. That is, would the time course of the physiologic 
changes change if endotoxin were present in larger quantities, and are 
the differences they observed simply dose-related phenomena? 

These studies were conducted in uninjured uninfected patients, and 
the role of IL-2 in trauma of septic patients remains unclear. 

Because the in vitro stimulation of T cells by large doses of IL-2 usually 
requires 6-7 days for peak expression, how do they relate such a T cell 
response to their data in Table 4, which shows that the lymphocytes 
decreased, as did the monocytes? 

The neutrophil number rose in response to the IL-2. Because IL-2 
increases monocyte hydrogen peroxide production, have the authors 
measured lipid peroxides or malondialdehyde levels in these patients? 
In short, is it possible that lipid peroxidation is the final common pathway 
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for the mediation of the tissue effects of many of these cytokines acting 
through the cyclo-oxygenase system? 

I would like to compliment the authors on demonstrating that available 
pharmacologic agents are capable of modifying the hypermetabolism 
associated with either injury or sepsis. 


Dr. JOSEF E. FISCHER (Cincinnati, Ohio): Dr. Michie, yours was a 
very elegant presentation. Although our laboratory has been using a very 
different in vitro system that has nothing in common with the very elegant 
human studies that your laboratory has conducted for years, our data 
and yours agree remarkably, to the extent that it becomes apparent that 
there are a series of signals that the body uses in the complicated state 
that we call surgical illness. 

If I understand your data correctly, you are arguing that there are at 
least two different signals. One is an endotoxin signal used as a generic 
equivalent of bacterial infection, and the second is an immunologic signal 
that works through different types of mediators and cytokines, both 
through the prostaglandin system. 

Our own studies in vitro have failed to reveal any effect of prostaglandin 
inhibitors on proteolysis or any of the other aspects that we associate 
with surgical catabolism. Therefore your data seem to suggest that pros- 
taglandin may perhaps mediate the initial effect through a vascular ap- 
proach, as suggested by John Spitzer, and that everything that happens 
subsequently to endotoxin is actually set up within the first several minutes 
by the initial reactivity of the vasculature to endotoxin as shown by your 
studies of gamma-interferon. 
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Because it appears that the cyclo-oxygenase inhibitors do not seem to 
effect certain systems, at least in vitro, is it pessible that there is another 
effect of cyclo-oxygenase inhibitors that is not mediated through pros- 
taglandins and that acts directly on another cytokine system? 


Dr. PAUL R. SCHLOERB (Rochester, New York): This paper, which 
I have had the privilege of reading, represents another attempt by Doug 
Wilmore and his associates to carry out metabolic dissection, as it were, 
of the stress response. 

In earlier studies, they administered stress hormones, inflammatory 
agents, and endotoxin alone. Most recently, they have been able to dis- 
tinguish between the effects of administration of interleukin-2 and en- 
dotoxin. They have shown that gamma interferon is produced. 

I would like to ask if they could shed a bit more light on the gamma 
interferon. Where are the receptors? Where is it produced? Has technology 
reached the stage where they can administer gamma interferon alone? 

I enjoyed this paper very much, and would also like to ask Dr. Michie 
to reflect on whether blocking cyclo-oxygenase inhibitors is “good or 
bad.” What are the consequences of a stress response, for example, without 
fever and the other associated findings? 

I compliment the authors on an excellent study. 


Dr. JONATHAN L. MEAKINS (Montreal, Canada): It is a pleasure to 
discuss this excellent piece of work and to try to consider not only its 
description of biologic aspects of surgical disease, but also to think of 
how it may be applied clinically. 

Ibuprofen does not block all the effects of the administered IL-2. The 
change or differences in response between IL-2 and endotoxin during 
their time course are sufficiently striking to indicate that there are at 
least two (and I would wonder if there aren’t actually more) forms of 
mediation of these responses than what was mentioned in Dr. Michie’s 
manuscript. | 

The failure of ibuprofen to block all of the effects of IL-2 bring to the 
fore the question of whether or not the useful effects of IL-2 is oncology 
(that is, the ability to control metastases) may also be blocked, and if 
not, why not? What are the other ways in which IL-2 initiates biologic 
responses or, indeed, participates in a series of biologic amplifications. 

One can’t help but ask whether or not in these patients, all of whom 
received their IL-2 for control of metastases, and whether the ibuprofen 
may have interfered with responses. If, indeed, you can control the clinical 
effects, clearly the future role of IL-2 and LAK cells will have much 
more impact. If one examines those patients treated, it appears as if they 
have had a mini, short-term course of multiple organ failure. 

The ability of the IL-2 to reduce the size of metastases and to induce 
the ibuprofen to block the very unpleasant and complicating effects will 
make it a much more valuable tool for the management of metastases. 


Dr. THOMAS C. Moore (Torrance, California): The authors have 
nicely shown the upregulation of important metabolic parameters as- 
sociated with bolus parenteral infusions of interleukin-2 in humans. These 
in vivo findings suggest a potent immuno-inflammatory effect of inter- 
leukin-2 and an important involvement of prostaglandin type cyclo- 
oxygenase metabolites of arachidonic acid in these metabolic alterations. 

Some {4 years ago, Dr. Bernard Jaffe, a fellow of this Association, 
and I published one of the earlier reports of a significant involvement 
of E series prostaglandins in cellular immunity. Our study involved un- 
modified cardiac allograft rejection in rats. Marked elevations of allograft 
and host lymphoid tissue levels of prostaglandin E-2 (PGE,) were observed 
in these studies, These findings suggested an immunostimulatory effect 
of PGE; . 

Over the past decade, however, the major emphasis concerning PGE, 
has been on its immunomodulatory (suppressant) role and its anti-in- 
flammatory effects and its associated antiprolif2rative elevations of lym- 
phocyte levels of cyclic AMP. 

The immunostimulative role of prostaglandin E-2 has faded into the 
background somewhat. Nonetheless, there is increasing evidence that 
PGE), like histamine and vasoactive intestinal peptide (VIP), may func- 
tion as a double agent in the immune response, initially triggering, fa- 
cilitating, and amplifying a stimulatory immune response and later 
modulating, limiting, and contributing to the turn-off of this response. 

An increase in blood flow and vascular permeability is an important 
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part of this initial response. In a recent study from our laboratory at the 
Harbor-UCLA Medical Center in Torrance, using the primary peripheral 
popliteal lymph node lymphocyte traffic model in sheep of Hall and 
Morris, we have found that nodal drainage area immunostimulation by 
immunization with killed Salmonella muenchen bacteria (Slide) has re- 
sulted in prompt and marked elevations in PGE, levels in lymph efferent 
from the stimulated node, as shown in the upper part of the slide presented 
here, and in association with elevated lymph flow and prompt depressions 
in the output of lymphocytes into efferent lymph, which is generally 
interpreted as recruitment of lymphocytes to the stimulated node. 

(Slide) This response is shown again in this slide. 

(Slide) The last slide shows the immunization associated efferent lymph 
elevations of thromboxane, another cyclo-oxygenase pathway metabolite 
arachidonic acid. 

I would like to ask the authors whether they have investigated the 
recently described second messenger system of phosphatidylinositol, the 
PI cycle. l 

I congratulate the authors on an important in vivo demonstration of 
an immunostimulative role of prostaglandins and its effective control 
by cyclo-oxygenase pathway inhibition during interleukin-2 therapy of 
human cancer. 


Dr. RICHARD L. SIMMONS (Pittsburgh, Pennsylvania): I have been 
following Dr. Wilmore’s forays into reconstructing the immune response 
through the use of the putative mediators that have been so carefully 
studied in vitro. This one is as fascinating as the rest. 

I would first like to look briefly at the aspects of prostaglandin, because 
ibuprofen can block several of the prostaglandin effects that are associated 
with many of the nonspecific metabolic effects of injury and illness. 

It is the IL-2 that is most interesting; the authors imply that IL-2, 
which when administered to patients with advanced cancer reproduces 
many of the effects of acute surgical illness, might be acting endogenously 
to produce these changes in the surgical patient. This is a reasonable 
hypothesis. But my impression is that IL-2 levels are very low in patients ` 
who are traumatized or infected, and that the immune.response is by 
and large down-regulated in such patients. I would guess that IL-2 is 
almost undetectable in the serum of patients who are traumatized or 
infected. If IL-2 has such a function, it is probably not acting as a cir- 
culating hormone, although it may play such a role at the tissue level. 

I would like to suggest that IL-2, which in the previous discussion has 
been thought of primarily as effecting T cells, mediates some physiologic 
disturbances by acting on a different cell population. Dr. Ronald Curran 
from our group has pointed out that IL-2 can act on fixed tissue mac- 
rophages, which are a central cell type in pathobiology.' There are IL-2 
receptors on macrophages and macrophage cell lines. No one knows 
quite what they do, but if you study a simple activation system of mac- 
rophages in vitro, you find that IL-2 in levels similar to those that are 
injected into cancer patients will prime the macrophage. Remember the 
macrophage somewhat “explodes” when it has been primed and then 
triggered. What IL-2 seems to do is prime the macrophage for subsequent 
triggering with very small doses of endotoxin. Perhaps the very small 
contaminating doses of LPS that are said to be found in this IL-2 prep- 
aration actually reproduce the physiologic effects attributed to the IL-2 
itself. The IL-2 thus simply amplifies what otherwise would be a negligible 
effect of endotoxin. 

Dr. Curran has made another interesting observation. At these very 
high levels, IL-2 can also act by itself to trigger macrophage release of 
IL-1 and prostaglandins. At even lower levéls, in the seeming absence 
of endotoxin, IL-2 plus gamma interferon will trigger the macrophage. 

I would like to have the author’s comments on my suggestion that it 
is possible that the macrophage is the main target cell type in this case, 
and that the observed physiologic responses are due to the combination 
of IL-2 acting on the macrophage in conjunction with small contami- 
nating amounts of endotoxin. IL-2 naturally acts on the lymphocyte, as 
well. In response, the lymphocyte may produce enough gamma interferon 
so that, again, the patient is made ill by a combination of IL-2 plus 
gamma interferon triggering the fixed macrophages. 
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DR. ANDREW M. MUNSTER (Baltimore, Maryland): The basic question 
several discussants have raised has not been answered, which is whether 
` this effect could possibly be due to endotoxin. 

One cannot accept the fact that the different cytokine production by 
endotoxin and by IL-2 is substantial, because it may be possible for 
administered IL-2 to block all the receptors and make the T cell unre- 
sponsive (that is, unable to produce further cytokines). 

The only way this can be answered is by measuring the TAC receptor 
or the free IL receptor in the serum. Therefore, my first question is: have 
the authors done this? 

However, it is very simple to measure endotoxin today. It is also simple 
to block it. We have had a great deal of experience with a very nice kit 
that, in fact, is capable of measuring 10 pg of endotoxin. Therefore, if 
the authors wished to measure the endotoxin, it would be possible. There 
are also several methods of blocking the effect of endotoxin in serum, 
polymyxin-B being one. Have Dr. Michie and his group thought of doing 
that? 


Dr. HAMISH R. MICHIE (Closing discussion): I would like to thank 
all the discussants for their interesting comments and kind remarks. 

Dr. Pruitt asked whether some of the responses that we reported were 
due to contamination of the interleukin-2 by endotoxin. Previous dose- 
response relationships in healthy humans receiving endotoxin have been 
determined by Dr. Sheldon Wolff. The endotoxin content of the inter- 
leukin-2 that we employed (<15 pg/10° U) was less than the minimum 
amount associated with febrile or neurohormonal responses in humans 
in his studies. Furthermore, the time course of responses after interleukin- 
2 administration and the pattern of release of secondary cytokines is 
different from that which occurs after endotoxin administration. However, 
although endotoxin is probably not directly responsible for the responses 
that occur after interleukin-2, it may well “prime” the system early and 
magnify the later physiologic responses that occur after interleukin-2 
administration. 

Dr. Pruitt also asked whether the pattern of cytokine release in vivo 
in humans receiving interleukin-2 corresponded with that observed in 
vitro in cell culture systems. Release of tumor necrosis factor and gamma 
interferon in cell cultures stimulated by interleukin-2 is maximal at 3- 
4 hours, corresponding both with the time course of release of gamma 
interferon in vive and with the onset of metabolic responses after inter- 
leukin-2. 

Dr. Fischer suggested that many of the physiologic responses that we 
have reported might be caused by alterations in the vascular endothelium 
induced by endotoxin, interleukin-2, or asscciated cytokines. It is certainly 
true that both im vitro and in vivo endotoxin and associated cytokines 
cause marked alterations in capillary permeability, and additionally, 
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vascular endothelial cells probably elaborate cytokines themselves. 
However, I believe it is likely that many of the effects we have observed 
are initiated when cytokines interact with the hypothalamic centers con- 
trolling thermoregulatory and neuroendocrine responses. It has recently 
been shown that cytokine receptors are present in neural tissue that is 
in close anatomic relationship with the neural centers that regulate fever 
and neurohormonal responses. 

Dr. Fischer also asked whether the attenuation of responses after in- 
terteukin-2 or endotoxin administered to subjects pretreated with ibu- 
profen was related to inhibition of release of tumor necrosis factor or 
endotoxin. Our work suggests strongly that cyclo-oxygenase inhibiticn 
has little or no effect on cytokine release by activated mononuclear cells 
in vivo. Ibuprofen appears to exert its effects by blunting end organ re- 
sponses to cytokines, l 

Dr. Meakins raised the crucial issue of whether inhibition of cyclo- 
oxygenase might prevent the tumoricidal responses after interleukin-2 
administration. Our preliminary data in seven patients receiving ibu- 
profen (2400 mg per day) for all 17 days of therapy with interleukin-2 
and lymphokine-activated killer cells have shown that a complete or 
marked regression of tumor was observed in several of these individuals, 
suggesting that the lysis of tumor cells does not requiré activation of 
cyclo-oxygenase, The systemic toxicity of immunotherapy was markedly 
less when ibuprofen was administered thoughout treatment, and it is 
therefore important that this issue be further clarified. 

Dr. Moore’s data are of great interest because they provide additional 
evidence that the stress response may, at least in part, be initiated by 
products of T lymphocytes (for example, interleukin-2) that are elaborated 
after antigenic challenge. 

There are data that suggest that interleukin-2 levels are low in critically 
ill septic patients, as Dr. Simmons has pointed out. However, locally 
elaborated interleukin-2 from fixed reticuloendothelial cells may activate 
macrophages as well as other cells without being detected in the circulation 
by currently available assay systems. Circulating levels of interleukin-2 
may not reflect the extent of elaboration of this cytokine within the body 
as a whole, 

Dr. Schloerb asked the interesting question concerning whether in- 
hibition of cyclo-oxygenase is likely to benefit the critically ill patient. 
After injury or infection, cytokine release probably represents a double- 
edged sword. Cytokines may be important in the induction of the immune 
response and as factors that stimulate wound-healing and substrate mo- 
bilization. However, many of the adverse physiologic and metabolic 
changes associated with critical illness appear to be due to activation of 
cyclo-oxygenase by cytokines. In a recent study, patients receiving cyclo- 
oxygenase inhibitors after gastrectomy had a markedly reduced febrile, 
neurohormonal, and catabolic response when compared to controls, and 
this therapy was apparently not associated with any adverse side effects. 
Inhibition of cyclo-oxygenase may thus be a useful adjunct to the care 
of critically ill patients in the future. 
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Tatra-abdomirial pressure (IAP), measured via a transurethral 
catheter, hemodynamic, and renal functions were evaluated in 
25 cirrhotic: patients admitted to ICU with variceal bleeding, 
tense ascites, and peripheral edema. In patients with an IAP 
> 25 cm HO, a paracentesis was performed to decrease the 
IAP by 10 cm H,O. After paracentesis, a decrease in the IAP 
from 33.47 to 19.06 cm H:O (p < 0.001) resulted in a decrease 
in total peripheral resistance (TPR) (p < 0.01) ànd a significant 
increase in cardiac index (CI) (p < 0.001), stroke index (p 
< 0.001), left ventricular stroke work (LVSW) (p < 0.01), and 
right ventricular stroke work (p <0 01). The therapeutic effects 
of paracentesis on renal function were: a decrease in BUN and 
serum creatinine (p < 0.001) and an increase in the creatinine 


clearance (Ccr) (p < 0.001), urine volume (p < 0.001), osmolar - 


clearance (Cosm) (p < 0.001), and urine creatinine (p < 0.001) 
values. The IAP correlated directly with the TPR (r = +0.35, 
p < 0.01) and inversely with the CI (r = —0.39, p < 0.001) and 
LVSW (r =.—0.37, p < 0.001) in the 126 studies of IAP per- 
formed with the 25 patients. IAP also correlated directly with 
BUN (r = 0.40, p < 0.001), serum creatinine (r = 0.28, p < 0.01), 
and free water clearance (CH,O) (r = 0.3, p-< 0.001); IAP cor- 
related negatively with Cer (r = —0.54, p < 0 001) and Cosm (r 
= —0.43, p < 0.001). In critically ill cirrhotic patients, IAP, 
when measured noninvasively ‘via a bladder catheter, is an ac- 
curate and useful method to follow manipulation of ascitic fluid 
pressure quantitatively in order to optimize hemodynamic and 
renal function. 


REVIOUS STUDIES HAVE DEMONSTRATED the 

usefulness of the measurements of intra-abdom- 

inal pressure (IAP) in determining the need for 
decompression of the peritoneal cavity to optimize he- 
modynamic, renal, respiratory, and ‘metabolic abnor- 
malities." More recently, using a standard. transurethral 
bladder catheter, measurement of urinary bladder pres- 
sure, has been found to be an accurate determination 
of IAP.°’ 
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From the Department of Surgery, New York Medical College 
and Westchester County Medical Center, Valhalla, New York 


Many patients with cirrhosis of the liver develop bleed- 
ing from the gastrointestinal (G.1.) tract and ascites. Fre- 
quently these patients require operative interventions and 
significant amounts of resuscitation fluids to augment the 
volumie of ascites and increase IAP. The surgical service 
at the Westchester County Medical Center uses a devas- 
cularization procedure to managé variceal bleeding in cir- 
rhotic patients that is performed without the risks of major 
surgery and general anesthesia.*° The devascularization 
procedure involves three stages. Initially, the portal pres- 
sure is sharply reduced by angiographic embolization of 
the midsplenic artery. Subsequently, the esophagogastric 
variceal network is thrombosed by means ofa catheter 


introduced during a minilaparotomy into the portal vein, 


which creates a porto-azygous disconnection. Finally, an- 
giographic occlusion of the left gastric and left gastroepi- 
ploic arteries complete. the devascularization of the: prox- 
imal stomach. 

Tense ascites, which develops 1 in many of these patients, 
is a clinical concept without a quantitative correlate. 
Therefore, a study was organized in order to determine 
the influence of IAP, measured by transurethral catheters, 
on hemodynamic and renal ‘function in operated and 
nonoperated cirrhotic ‘patients with marked ascites and 
peripheral edema. admifted with a diagnosis of variceal 
one 


Patients and Methods 
Patient Population. | 


Twenty-five patients (18 men and seven women) with 
a mean age of 58.9 + 14.25 years admitted to the Surgical 
ICU with a preliminary diagnosis of portal hypertension 
were studied between July 1987 and February 1988. Ali 


Vol, 208 » No. 4 


MANIPULATION OF ASCITIC FLUID PRESSURE ° 


505 


TABLE 1. Hepatic Functional Reserve Criteria 


A 
Serum albumin 3.5 mg/100 ml 
Serum bilirubin 2.0 mg/dl 
Ascites None 
Neurologic disorder None 
Nutrition ` Excellent 


patients had endoscopically proven upper G.I. hemor- 
rhage and varices with associated tense ascites and pe- 
ripheral edema. Seventeen of 25 patients had failed en- 
doscopic sclerotherapy management of bleeding varices 


and had undergone the minimally invasive devasculari- . 


zation. The causes of portal hypertension based on history 
and clinical evaluation included: alcohol abuse in 64% of 
the patients (16 of 25), secondary biliary cirrhosis in 28% 
(7 of 25), and posthepatitic cirrhosis in 8% (2 of 25). 

Hepatic functional reserve was classified by the Child’s 
criteria, based on the clinical condition at the time of 
admission to the unit.'!° The severity of each of the five 
measures of Child’s classification was graded on a scale 
of A to C (Table 1). Letter grades were converted to nu- 
merical equivalents (A = 1, B = 2, C = 3) and totaled. 
Scores of 9 to 11 were considered Class B, and scores of 
12 or greater, Class C. The Child’s score ranged from 13 
to 15, with a mean value of 13.5 + 0.5. This value was 
consistent with a Child’s C level of hepatic functional re- 
serve. 

When the study protocol was initiated, all patients were 
hemodynamically stable without G.I. bleeding, orthostatic 
hypotension, sepsis, peritonitis, acute pancreatitis, clini- 
cally obvious congestive heart failure, and renal insuffi- 
ciency (serum creatinine > 2.0 mg/100 ml). 


Methods 


Patients received fluids intravenously only, or received 


~- 22 g sodium diet per day. No colloid infusions were ad- 


ministered within 12 hours before or during the study. 


Throughout the study period, patients received a steady: 
rate of I.V. fluid administration. No inotropic agents or | 


diuretics were administered during the 12-hour period 
before the study. No patients received nasogastric suction 
during the protocol. 

Hemodynamic changes were studied by a pulmonary 
artery catheter. Cardiac output studies were performed 
by the thermodilution technique. Collected data consisted 
of height, body weight, body temperature, cardiac output, 
peripheral arterial pressure, pulmonary capillary wedge 
pressure (PCWP), right atrial pressure (RAP), percentage 
of oxygen concentration of inspired air, hemoglobin con- 
centration, arterial and mixed venous blood gases (all 


Parameters 
B C 
3.0-3.5 mg/100 ml 3.0 mg/d! 
2.0-3.0 mg/100 ml 3.0 mg/dl 
Easily controlled Poorly controlled 
Mild dysfunction Advanced dysfunction (coma) 
Good Poor (wasting) 


measured with the patient in the supine position). Primary 


. and derived calculated hemodynamic variables included: 


body surface area, cardiac index (CI), stroke index (SD, 
left ventricular stroke work (LVSW), right ventricular 
stroke work (RVSW), total peripheral resistance (TPR), 
pulmonary vascular resistance (PVR), arteriovenous ox- 
ygen content difference (AVO, diff), and oxygen con- 
sumption (VO,).!!:!? 

Renal function was evaluated by the following mea- 
sured serum parameters: urea nitrogen (BUN), creatinine 
(cr), osmolality (osm), and sodium (Na). Two-hour urine 
samples were collected for analysis of volume, sodium, 
osmolality, and creatinine. Creatinine clearance (Ccr), free 
water clearance (CHO), osmolar clearance (Cosm), frac- 
tional excretion of sodium (FeNa), and renal failure index 
(RFI) were calculated, using standard formulas." Intra- 
abdominal pressure (IAP) was measured, using the 
transvesical technique via a transurethral catheter (16 
gauge, 20 cm length) (Bard, Murray Hill, NJ). Ore 
hundred cubic centimeters of sterile saline was injected 
into the empty bladder through the transurethral catheter; 
the drainage tubing was clamped distal to the culture as- 
piration port; a 16-gauge needle was then inserted into 


the port and connected to a three-way stop clock and 


manometer. Measurements were taken with the patients 
in the supine position, using the symphysis pubis as a zero 


point. All measurements were taken at end expiration. 


Protocol 


The study was initiated when a clinical diagnosis of 
tense ascites was made by a member of the study team. 
The protocol was repeated as often as needed during the 
patient’s ICU stay, provided that the inclusion and exclu- 
sion criteria were satisfied. Urine samples were collected 
for 2 hours, and blood samples were drawn at the midpoint 
of the urine collectton. A hemodynamic profile was ob- 
tained at the same time. 

The IAP was then measured in the previously described 
manner. If the pressure was 25 cm of H,O or greater, a 
paracentesis was performed to diminish the pressure by 
at least 10 cm of H20. The ascitic fluid volume aspirated 
was recorded. To rule out peritonitis, the initial 50 ml of 
ascitic fluid was evaluated for: culture, cell count, total 
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TABLE 2. Patient Characteristics on Admission to Study (n = 25) 


Parameter Value (Mean + SD) 
Age (years) 58.88 + 14.25 
IAP (cm H20) 33.56 + 12.09 
Albumin (g/dl) 248+ 0.24 
Bilirubin (mg/dl) 5454 4.14 
BUN (mg/d!) 25.48 + 8.51 
Creatinine (mg/dl) 1.41 + 0.44 
Cer (ce/min) 47,20 + 20.62 
Child’s Score 13.5 + 0.5* 
* Indicates Child’s Class C. 


protein, and lactate dehydrogenase. '* The duration of the 
paracentesis was usually 15-30 minutes. Paracentesis was 
followed by a 2-hour equilibration period. A 2-hour sam- 
ple of urine was then collected with serum values, and a 
hemodynamic profile was obtained at the midpoint of the 
collection. 


Method of Statistical Analysis 


Differences between two groups—preparacentesis ver- 
sus postparacentesis—were tested, using the paired Stu- 
dent’s t-test. Linear regression analysis was performed to 
describe the relationship’ between IAP and various he- 
modynamic and renal parameters. Pearson correlation 
coefficients were calculated for each pair of variables, and, 
using two-tailed test, null hypotheses proposing that the 
correlation coefficients equal zero were tested. Differences 
were considered significant at the level p < 0.05. 


Results 


Table 2 summarizes the characteristics of the 25 patients 
at the time of their admission to the study. Of these pa- 


TABLE 3. Hemodynamic Parameters Pre- and Postparacentesis 


Preparacentesis Postparacentesis 
(51 studies) (51 studies) 
Mean + SD Mean + SD 
IAP (cm H,0) 33.47 + 9.12 19.062 4.37* 
Mean arterial pressure 
(mmHg) 89.1 + 12D 92.3 + 8.0F 
Pulse (beats/min) 104.46+ 18.36 100.4 + 16.0* 
CI (L/min/m,) 3.90+ 121 442+ 1.21" 
SI (ml/min/m,) 44.94+ 12.93 50.3 + 10.8* 
LVSW (g-m/m_) 42.60 + 12.94 46.8 + 10.87 
TPR (dyne/sec/cm 5/m3) 1705.94 + 760.33 1265.2 + 375.0* 
` RVSW (g-m/mz2) 647+ 2.37 7.20+ 2.24f 
PVR (dyne/sec/em 5/mz) 162.15 + 141.48 163.06 + 148.04 
PCWP (mmHg) 15.38+ 3.45 16.4 + 3.264 
RAP (mmHg) 12.754 395 12.67 £ 3.44 
AVO2 diff (mi/dl) 3.441 + 1.08 3.43+ 1.03t 
VO2 (ml/min/mz} 142.54 + 39.3 155.94 + 40.6ł 


* P < 0.001. tP < 0.01. Not significant. 
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TABLE 4.-Renal Function Parameters Pre- and Postparacentesis 


Preparacentesis Postparacentesis 
(51 studies) (51 studies) 
Mean + SD Mean + SD 
IAP (cm H0} 33.47+ 9.12 19.06 + 4,37* 
Hematocrit (%) S20- 2. 222 32.35 +  1.94¢ 
BUN (mg/d!) 27.04 + 8.99 25.3 + 8.17* 
Serum Creatinine 
(mg/dl) 137+ 0.49 132+ 0.58* 
Serum Osmolality 
(mOsm) 289.0 + 9.77 287.47 + 8.14¢ 
Serum Sodium (mEq/L) 135.274 4.54 135.144 3.88} 
Urine Osmolality 
(mOsm) 447.51 + 130.91 495.63 + 152.7} 
Urine Volume (cc/hour) 46.74 + 26.46 54.95 + 24.52t 
Urine Sodium (mEq/L) 51.1624 33.41 54.27 + 29,24 
Urine Creatinine (mg/dl) 85.47 + 54.15 97.69 + 56.17" 
Cer (cc/min) 46.22 + 18.2 63.73 + 20.9* 
Cosm (cc/min) 71.40 + 35.39 94.9 + 46.2* 
CH,0O (cc/min) 0.71 + 0.26 0.67 + 0.36ċ¢ 
FeNa (%) 0.72 + 0.48 0.61 + 0.37ċ¢ 
RFI (%) 0.98 + 0.66 0.82 + 51.0ł 


* P < 0.001. tP < 0.01. Not significant. 


tients, 126 measurements of IAP were taken. Fifty-one of 
the measurements obtained were of IAPs of 25 cm of 
H,O or greater. Consequently, 51 repeat studies were per- 
formed after paracentesis, in:accordance with the protocol, 
a total of 102 evaluations. In 24 studies, the IAP was less 
than 25 cm H,O, and therefore, no paracentesis was 
needed. The mean volume of ascitic fluid removed with 
each paracentesis in order to decrease the IAP by at least 
10 cm H,O was 2.1 + 0.5. 

The pre- and postparacentesis values of the 102 studies 
are listed in Tables 3 and 4. After abdominal paracentesis, 
a decrease of the IAP from a mean pressure of 33.47 to 
19.06 cm H2O (p < 0.001) resulted in a significant decrease 
in pulse (p < 0.001) and total peripheral resistance (p 
< 0.001). By contrast, the CI (p < 0.001), SI (p < 0.001), 
LVSW (p < 0.01), and RVSW (p < 0.01) increased sig- 
nificantly with a drop in IAP. | 

The BUN (p < 0.001) and serum creatinine (p < 0.001) 
decreased with the drop in IAP. Consistent with these 
improved serum values, the Ccr (p < 0.001), the urine 
volume (p < 0.01), osmolar clearance (p < 0.001) and 
urine creatinine (p < 0.001) increased significantly with 
the drop in IAP. 

Table 5 summarizes the correlations between IAP and 
the hemodynamic parameters of the 126 measurements 
of JAP. The IAP correlated directly with the TPR (r 
= +0.35, p < 0.01) and inversely with the CI (r = —0.39, 
p < 0.001) and LVSW (r = —0.37, p < 0.001). 

Table 6 summarizes the correlations between IAP and 
serum values, as well as primary and derived variables of 
renal function. IAP correlated directly with BUN (r 
= 0.40, p < 0.001), serum creatinine (r = 0.28, p < 0.01), 
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and CH,O (r = 0.30, p < 0.001).- Negative correlations 


were observed between IAP and urine sodium (r = ~-0.28, - 


p < 0.01), Cer (r = —0.54, p < 0.001), and Cosm (r 
= —0.43, p < 0.001). 


Discussion 


Among the most important renal complications of liver 
disease is progressive sodium retention, which leads to 
the formation of edema and ascites and the hepatorenal 
syndrome.” 
patients with ascites includes bed rest and sodium and 
fluid restriction. The next step requires good nutrition, 
abstention from alcohol, and spironolactone (400-600 
mg/day). Subsequently, combined therapy (sptronolac- 
tone plus loop diuretics with or without addition of me- 
talozone) may induce a response in some patients, but 
_also risks causing substantial complications. Simultaneous 
administration of colloid may help reduce the chance of 
hyponatremia and volume contraction. However, in crit- 
ically ill cirrhotic patients with tense ascites, especially 
those with peripheral edema, therapeutic paracentesis may 
be a reasonable alternative. 618-4! 

Previous studies have demonstrated the negative im- 
mediate effects of increased IAP on hemodynamic and 
renal function.'~>>” Kron et al. showed that, in humans, 


an IAP of more than above 30 mmHg caused oliguria in. 


11 postoperative patients.* These authors recommended 
that, during the early postoperative period, an IAP greater 
than 25 mmHg associated with oliguria, a normal blood 
pressure, and CI receive decompression. Other studies 
have also demonstrated a decreased cardiac output and 
increased total peripheral resistance with high [AP.>?*” 
Most of these studies have reported an increased cardiac 
filling pressure with increased abdominal pressure, and 
have attributed this elevation of filling pressure to an in- 
crease in pleural pressure.” Kashtan et al. demonstrated 
that, in animals, although there is a minimal rise in pleural 
pressure, the net effect of high IAP is an increase in af- 
terload with cardiac depression.’ In their study, the right 
atrial pressure rose, despite the reduction in venous return 
in normovolemic and hypovolemic animals. 

_ The present study similarly demonstrated an increase 
in TPR (afterload) with minimal effects on the left ven- 
tricular end diastolic pressure (PCWP) in acutely ascitic 
patients. However, there was a significant inverse corre- 
lation between increased IAP and the CI and LVSW. The 
significance of this study is that patients with pressures 
greater than 25 cm H2O (1.36 cm H20 = 1 mmHg) were 
subjected to therapeutic paracentesis of approximately 2 
l of ascites, and both their hemodynamic and renal func- 
tion improved. The significant decrease in afterload was 
concomitantly associated with an increase in CI, SI, and 
LVSW. The present study also supports the concept that, 
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TABLE 5. Correlations of IAP and Hemodynamic Parameters 


17? Conventional management of cirrhotic | 


Parameter r Value p Value 
Pulse (beats/min) +0.09 NS 
Cl (L/min/m,) —0.39 <0.001 
LVSW (g/m/mz2) —0.37 <0.001 
PCWP (mmHg) +0.09 NS 
RAP (mmHg) +0.08 NS 
SI (ml/min/m,) —0.16 <0.01 
TPR (dyne/sec/cm 5/m,) +0.35 NS 
RVSW (gm/m/m;) —0.03 NS 
PVR (dyne/sec/cm 5/m,) +0.17 NS 
AVO2 diff (mi/dl) —0.06 NS 
VO2 (ml/min/m,) —0.22 NS 


in patients with high IAP, an increased afterload (TPR), 
rather than increased intrapleural pressure or decreased 
preload, is what causes a decrease in left ventricular func- 
tion. 

In a recently reported animal study in which IAP pres- 
sure was raised from 0 to 20 mmHg, renal vascular resis- 
tance increased fifteen-fold over TPR. In these animals, 
despite an increase or correction in cardiac output using 
dextran 40 infusions, the renal blood flow and glomerular 
filtration rate remained 25% that of normal. The conclu- 
sion of that study was that the impairment of renal func- 
tion is a local phenomenon caused by direct renal 
compression from increased IAP and is not related to 
cardiac output.’ 

High levels of IAP correlated directly with diminished 
renal function, as reflected by elevated BUN, Ccr, and 
free CH,O, as well as by diminished Cer and Cosm. The 
therapeutic effect of paracentesis on renal function was 
demonstrated by a decrease in BUN and creatinine and 
a significant increase in Cer, Cosm, and urine volume. 

Cer is a reflection of glomerular function, whereas Cosm 
and free CHO reflect tubular function.’ Creatinine is 
neither secreted nor absorbed by the tubule. Cosm is the 
rate of removal of solutes from the plasma. Free CH,O 


TABLE 6. Correlations of LAP with Serum and Renal Parameters 


Parameter r Value p Value 
Hematocrit (%) —0.13 NS 
Serum Creatinine (mg/dl) +0.28 <0.01 
BUN (mg/dl) +0.40 <0.001 
Serum Osmolality (mOsm) +0.27 <0.01 
Serum Bilirubin (mg/dl) +0.13 NS 
Serum Albumen (g/dl) —0.05 NS 
Urine Volume (cc/hour) —0.18 NS 
Urine Sodium (mEq/L) —0.28 <0.01 
Urine Osmolality (mOsm) —0.39 <0.001 
Cer (cc/min) —0.54 <0.001 
Cosm (cc/min) —0.43 <0.001 
CH20 (cc/min) +0.30 <0.001 
FeNa (%) +0.07 NS 
RFI (%) +0.08 NS 
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refers to the ability of the kidney to clear water free of 
solutes. Cosm and Cer have a normal range, between 100- 
120 cc per minute. Free CHO is usually negative. It be- 
comes positive in the case of trauma, the postoperative 
period, and when patients are retaining fluids, and then 
stabilizes at values of approximately zero.” 

Excretion parameters, such as the RFI and FeNa reflect 
overall renal function. Both of these values reflect ratios 
of sodium and Ccr.'37°? Values of less than 1% are usually 
associated with prerenal azotemia, whereas values ap- 
proaching 3% are consistent with acute tubular necrosis. 
Most patients can be considered to experience renal failure 
if they fulfill the following criteria: 1) have a free CH,O 
0 + 0.17 ml/min/1.73 m; for more than 24 hours, 2) have 
a Cer < 30 ml/min/1.73 m2, 3) have an FeNa and RFI 
greater than 3%, and 4) have persistently rising serum 
creatinine.”**.° 

The patients studied had a broad spectrum of serum 
and urinary indices that were consistent with diagnoses 
varying between prerenal azotemia and the hepatorenal 
syndrome. Hepatorenal syndrome is defined as the de- 
velopment of progressive acute renal failure in a patient 
with advanced liver disease that cannot be explained by 
other known causes of renal dysfunction.’® It is generally 
believed that the syndrome is a functional disorder char- 
acterized by renal hypoperfusion with preferential renal 
cortical ischemia. This cortical vasoconstriction may be 
triggered by decreased effective blood volume, but the ef- 
fectors that mediate these changes (e.g., alterations in 
sympathetic activity and the renin-angiotensin system) 
remain incompletely defined. 1630-3 
_ Because of the possible risk of hypovolemia, hypona- 

tremia, renal failure, and encephalopathy, therapeutic 
paracentesis has been relatively unpopular as a therapeutic 
modality in refractory ascites. Recently the effects of large 
volume (4-15 1) paracentesis has bezn investigated. Quin- 
tero and colleagues compared diuretic therapy with par- 
acentesis of 4-6 1 in 72 cirrhotic patients with ascites." 
Daily paracentesis, coupled with I.V. infusion of albumin 
was performed in 38 patients until ascites disappeared. 
Paracentesis was effective in all patients without causing 
substantial increases in blood urea nitrogen and serum 
creatinine or decreases in serum scdium concentrations. 
Kao and associates performed a 5-liter paracentesis in 18 
cirrhotic patients with tense ascites and peripheral 
edema.** There were no important complications ob- 
served after several days, and the decreases in plasma vol- 
ume that were measured 24 and 48 hours after paracen- 
tesis were not statistically significant. Several authors have 
shown that patients with ascites end peripheral edema 
tend to mobilize the edema fluid initially, and are thereby 
protected from the effects of acute hypovolemia following 
paracentesis.'® In a recent study, tne cardiovascular and 
renal effects of large volume paracentesis without albumin 
infusion was evaluated.’ The cardiac output increased, 


SAVINO AND OTHERS 


Ann. Surg. + October 1988 


and the central venous pressure decreased.” However, 
the Cer clearance and serum sodium concentrations de- 
creased after 48 hours, without colloid replacement (re- 
gardiess of the presence of peripheral edema). Therefore, 
many of their patients eventually required albumin in- 
fusion. 

In the present study, clearly, all patients were contin- 
ually monitored after paracenteses were performed. 
However, the controlled aspect of the study protocol was 
not retained beyond the final data collection, thereby per- 
mitting the use of increased infusion of electrolytes and 
collotd. Nevertheless, the Child’s Class C status and sig- 
nificantly abnormal renal parameters reflect the illness 
severity level of these patients. Therefore, only temporary 
benefits for hemodynamic and renal function can be ex- 
pected if a therapeutic paracentesis is performed for IAP . 
> 25 cm H0. Many of the patients in the study reac- 
cumulated ascitic fluid. However, with judicious use of 
colloid solutions, invasive monitoring, and repeated par- 
acenteses, adequate hemodynamic and renal function 
were maintained until the critical aspects of their illnesses 
passed and more conventional forms of ascites manage- 
ment could be used. 

Measurement of IAP with a transurethral catheter was 
found to be an accurate and useful method of quantita- 
tively following the manipulation of ascitic fluid pressure, 
and consequently, of optimizing hemodynamic and renal 
function in these critically ill cirrhotic patients. This mo- 
dality merits further evaluation and use as a monitoring 
technique in other methods of treatment of ascites, 
namely: ascites reinfusion, peritonvenous shunts, and di- 
alytic ultrafiltration. 
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DISCUSSION 


Dr. JOSEF E. FISCHER (Cincinnati, Ohio): This is a very carefully 
done study with a wealth of information, probably some of the best 
hemodynamic data on cirrhotics that has ever been done. 

In the old days, in dealing with tense ascites, you were supposed to 
remove a certain amount of fluid to that you could relieve the pressure 
on the renal veins in some peculiar way. What the authors have now 
clearly shown is that, whatever beneficial effect there is of relieving tense 
ascites is a curious hemodynamic effect, which, quite frankly, I do not 
totally understand. | 

The drop in creatinine is statistically significant, but I would charac- 
terize it more as maintenance of renal function than as an actual diuresis, 
although the increase in cardiac output and the creatinine clearance is 
quite substantial. 

One curious aspect of the data not shown in the presentation is that 
the arteriovenous oxygen difference does not change and that the total 
peripheral resistance is in the range of the cirrhotic, and this suggests 
that these patients actually act hypovolemic rather than display the clas- 
sical hepatorenal syndrome in which total peripheral resistance is down 
around 300. It thus seems that, in some peculiar way, and despite their 
not changing the overall pathophysiology of the disease, they have de- 
creased total peripheral vascular resistance. My question is: where did 
you decrease the peripheral vascular resistance? From the osmolar clear- 
ance, it would seem as if the peripheral vascular resistance decreased in 
the kidney itself} perhaps in the medulla, which is the site of the problem. 

In the manuscript you suggest that after 48 hours, some of these patients 
needed colloid. Would you have had a better diuresis if you had combined 
paracentesis, for example, with concentrated albumin? 

My next question is: what happened to these patients? What was the 
final outcome? I believe that the devascularization procedure is an ap- 
propriate way of handling them. 

Finally, over the long-term, do you have any idea as to what finally 
happened after you abandoned the protocol? After 48 hours, when you 
abandoned the protocol, how many patients actually needed substantial 
infusions of colloid so that when the ascites did at last refill, their intra- 
vascular space was decreased? 
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Dr. JOHN R. BORDER (Buffalo, New York): I find this a fascinating 
quantification of the effects that clinicians have generally recognized for 
along time, but have never quantified, I have some rather basic questions. 
The devascularization of stomach that you have performed is rather 
extensive. How greatly does this contribute to your tense ascites problem? 

My second question is: what is the mechanism of this effect? You 
suggested that there is a change in afterload for your increasing cardiac 
output, but what is it exactly that produces this nice effect that seems to 
be so consistent? Do you have any speculations on the hook-up? Clearly, 
it is implied that there is a pressure-sensitive area somewhere in the 
abdomen. Where do you believe this pressure-sensitive area is? 


DR. CHARLES L. WITTE (Tucson, Arizona): I echo Dr. Fischer’s re- 
marks about the extensiveness of the physiologic data. Accordingly, it is 
difficult to put everything into perspective on short notice. Nonetheless, 
I will make some general and some specific comments. 

Twenty-five years ago when I was a medical student, it was common- 
place to bring a patient with cirrhosis and a large abdomen into the 
amphitheater, place him on a gurney, put a trocar into the abdomen 
below the umbilicus, drain out 5-6 | of ascitic fluid, and send him home 
to repeat the scenario in 3 weeks. Indeed, one can find wood carvings 
and medical texts that are centuries old demonstrating that management 
of dropsy was often handled by large volume abdominal paracentesis. 
Over the past 25 years, confusion has arisen over the distinction between 
excessive diuresis with direct contraction of the intravascular compart- 
ment and aspiration of fluid from the peritoneal cavity, an indirect assault 
on plasma volume, Because reabsorption of ascitic fluid occurs relatively 
slowly, it was erroneously believed that rapid paracentesis was likely to 
be associated with acute depletion of plasma volume and hypovolemic 
shock. What we have learned today with overwhelming numerical data 
on plasma volume status and renal function is, as historical experience 
has long suggested, that abdominal paracentesis is by and large safe. 

An offshoot of these data is recognition that the problem of “cirrhotic” 
ascites has nothing to do directly with the function of the liver parencymal 
cell per se. Edema, we now recognize, results from an imbalance between 
fluid draining across capillaries based on the Starling hydrodynamic forces 
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as modified by salt and water homeostasis and fluid returning to the 
bloodstream via the lymphatics. Nothing in this hypothesis, which holds 
true for all’tissue swelling and effusions, indicates that the liver paren- 
chymal cell influences edema formation. By simply performing a small 
paracentesis as Dr. Savino describes, or alcernatively, by performing a 
more definitive procedure—namely, a peritoneovenous shunt—many 
of the disturbed physiologic processes including renal dysfunction are 
reversed without improving hepatic metabclism. Thus, plasma bilirubin 
` is unchanged, albumin anabolism is unaltered, and acutely elevated portal 
pressure is unaffected. In short, cirrhotic ascites is first and foremost a 
problem of maldistributed extracellular fluid with sequestration in the 
peritoneal cavity and inability to maintain an “effective” volume in the 
intravascular compartment. 

There is little question that central venous return is augmented by 
intra-abdominal decompression. Moreover, central lymph flow is also 
aided by this maneuver. Thus, when the ad>dominal pressure is greater 
than 30 cm of saline, thoracic duct lymph flow essentially ceases. Both 
experimentally and in patients with tense abdomens, cannulated thoracic 
duct lymph flow is decreased, and after abdo-ninal decompression, central 
lymph flow promptly increases. How muci these factors contribute to 
expansion of the blood volume is unclear, but it is noteworthy that in 
Dr. Savino’s data, cardiac output rose with an increased stroke volume, 
suggesting greater venous and lymphatic return. 

An alternative possibility is that renal vascular resistance is lowered 
after abdominal decompression. With application of a MAST suit and 
external abdominal compression, renal function deteriorates and im- 
proves after deflating the unit. Perhaps similarly, with a tense abdomen, 
renal vein pressure and resistance to perftsion is artificially high, and 
paracentesis alleviates direct internal compression and renal function 
improves, Nonetheless, it is paradoxical thet water immersion up to the 
neck, which exerts a similar sort of external abdominal compression as 
a MAST suit, has a salutary benefit on renal function in patients with 
cirrhosis by facilitating a natriuresis and diuresis. Perhaps these issues 
could be resolved by measuring levels of plasma atrial natriuretic factor 
(ANF), which could act as a marker of the “effective” plasma volume 
or the functioning volume to which the heart atria are sensitive and 
responsive. I would recommend this measurement to the authors to 
differentiate between augmentation of the plasma compartment and car- 
diac output with abdominal decompression (with increasing plasma 
ANF), as opposed to alteration in peripheral resistance (plasma ANF 
unchanged or falling slightly) to account fcr improved renal function. 

Echoing Dr. Fischer, my only question is: what happened to these 
patients? I suspect that only acutely (that is. short-term) abdominal par- 
acentesis is transiently beneficial. I doubt that in the long-term patient 
this maneuver is useful. Paracentesis to ccntrol ascites reminds me of 
using a Sengstaken tube to control bleeding varices. The procedure gives 
you time to make a reasoned, definitive management decision. The di- 
lemma in these “ascitic” patients is threefold. As you restrict sodium 
intake, progressive dilutional hyponatremia develops. As you try to restrict 
fluid intake, these patients tend to become oliguric, and when you re- 
expand the intravascular volume with iso-osmotic solutions, their varices 
burst. In this clinical setting, definitive mechanical manipulation by a 
portasystemic or peritoneovenous shunt is required. 


Dr. HARRY LEVEEN (Charleston, South Carolina): Although this is 

a beautiful physiologic experiment, it may have little clinical application 
except in showing the noxious effect of intra-abdominal pressure. Cade 
~ and co-workers! have done similar direct studies to show and compare 
_ the effects of vascular volume and intraperitoneal pressure on renal and 
hepatic function. They also found that lowering intra-abdominal pressure 
improved renal plasma flow and glomerula- filtration rate, but the effect 
was short-lived because the reduced pressure caused by ascitic fluid re- 
moval was only transient, and when more ascitic fluid reformed, there 
was further reduced blood volume. The int-a-abdominal pressure per se 
has a very minor effect on renal function compared to the tremendous 
changes brought about by changes in blood. volume—whether by supra- 
normal expansion with plasma or ascitic fluid. Supraexpansion of the 
blood volume returned urinary excretion of sodium and potassium toward 
normal. It is on this circumstance that we must stay focused. We now 
know that the cause of sodium retention and the development of the 
hepatorenal syndrome is the contracted circulating blood volume, The 
most striking improvement in renal functicn takes place in patients un- 
dergoing peritoneovenous shunting where the improvement of renal 
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function occurs without inducing progressive vascular volume depletion. 
There is an implication in the paper that the intraperitoneal pressure 
might be a good method for sorting out patients who would be temporarily 
benefitted by paracentesis. It is with this that I disagree. If you are thinking 
about a seriously ill patient, one should not wonder whether a temporary 
paracentesis will be of benefit, because a shunt will always be of greater 
benefit. Nothing should delay the instillation of a shunt in a patient with 
poor renal function. Proper therapy depends on understanding the phys- 
iology, and Dr. Del Guercio’s group has been a persistent source of such 
physiologic knowledge. We are indeed indebted to them. 


Reference 


1. Cade R, Wagemaker H, Vogel S, et al. Hepatorenal syndrome studies 
on the effect of vascular volume and intraperitoneal pressure on 
renal and hepatic function. Am J Med 1987; 82:427-438. 


Dr. PAUL R. SCHLOERB (Rochester, New York): This paper does 
indeed represent examples of the pathophysiology of cirrhotic ascites. It 
contains an enormous amount of data that I have been privileged to 
review, at least in part. f 

A couple of points deserve mention. In their paper, the authors indicate 
that the urine sodium was over 50 mEq per liter. A characteristic of 
cirrhotic ascites is a secondary aldosteronism with renal sodium retention 
values that have less than 5 mEq per liter. Therefore I would ask first 
whether these patients have received spironolactone diuretics or a similar 
drug. 
Secondly, withdrawal of ascitic fluid lowers pressure in the splanchnic 
circulation and elsewhere. If the fluid is removed too quickly (recall Dr. 
Witte’s example of years ago, when they were occasionally drained dry), 
the splanchnic veins dilate and the vascular capacity may actually exceed 
the available blood volume, with shock resulting in consequence. 

This increased intra-abdominal pressure is reflected on the vena cava 
as well, The authors mention peripheral edema, which in this setting is 
aggravated by the associated hypoproteinemia, and they demonstrated 
a diuresis after they removed the 2 | of ascitic fluid. I wonder if they 
could document the extent to which the peripheral edema resolved by 
weight change or leg circumference to contribute to this. 

I enjoyed the paper. It was an excellent study. 


DR. MARSHALL J. ORLOFF (San Diego, California): Dr. Savino kindly 
invited me to discuss his paper, and I am pleased to have the opportunity 
to make a few comments, 

Over the past 25 years, Lou DelGuercio and his associates have con- 
tinuously made important contributions to our knowledge of the met- 
abolic and hemodynamic abnormalities in cirrhosis, and this study by 
Dr. Savino and his associates is one more of these many important con- 
tributions. 

The important aspects of this study are, first, that it is demonstrated 
that intra-abdominal pressure can be measured easily and accurately 
through the urinary bladder by a very simple technique, and that such 
measurement of intra-abdominal pressure may prove useful in a number 
of acute clinical situations unrelated to liver disease. Second, this study 
confirms previous observations made by this group and others that acute 
reduction of intra-abdominal pressure by paracentesis results in im- 
provement (albeit temporary) of several of the hemodynamic and renal 
function parameters, that Dr. Savino has described in his slides. 

The critical question is—(and I must restate it because it has been 
asked twice already by other discussants)—-do these temporary changes 
improve survival? The paper does not address that critical question. I 
hope Dr. Savino will comment on the outcome of this heterogeneous 
group of 25 patients with alcoholic and secondary biliary cirrhosis. 

My second question is: does the acute removal of ascitic fluid influence 
the course of ascites? The formation of ascites in cirrhosis has many 
influences and many complicated factors, but certainly at the core of 
that pathogenesis is hepatic venous outflow obstruction and an increase 
in pressure within the liver sinusoid. A great deal of evidence over many 
years now shows that, unless something is done to lower the high pressure 
within the liver sinusoid, paracentesis is regularly followed by reaccu- 
mulation of ascites. Therefore I hope Dr. Savino will comment on the 
reaccumulation of ascites in this group of patients. 
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My third question concerns the hepatorenal syndrome. None of these 
patients had the hepatorenal syndrome, but it would be of great interest 
to know whether this same technique has been used in patients with 
well-established hepatorenal syndrome (which, after all, is a very lethal 
condition) and whether it has had any effect on that. 

Finally, I must point out that Dr. Savino’s interest in this subject is 
motivated by the recent interest in the Del Guericio group in the use of 
devascularization procedures for bleeding esophageal varices. In the 
` United States, every bit of evidence of which I am aware shows that 
devascularization procedures have been a failure, particularly in alcoholic 
cirrhotics. 

On the other hand, in our experience, portocaval shunt is uniformly 
effective in the treatment of bleeding esophageal varices and relieving 
ascites, and can now be accomplished with a low mortality rate. 

In a large series of patients such as the ones described today, that is 
the Child’s Class C patients with tense ascites, who were not bleeding at 
the time and did not have renal insufficiency, over the past 10 years, our 
survival rate after portocaval shunt has been 94%, and these patients 
have remained permanently free of ascites and bleeding. Temporary 
reduction of intra-abdominal pressure by paracentesis before portocaval 
shunt would have no place in our patients, because the shunt provides 
the definitive treatment of the ascites and immediate striking improve- 
ment in hemodynamic and renal functional parameters. 

This was, indeed, a stimulating paper. 


Dr. HARVEY J. SUGERMAN (Richmond, Virginia): You showed us a 
number of correlation coefficients, all of which had an r < 0.4 or an r 
=, 0.16. This implies that 80-90% of the variance seen may not be related 
to the correlation that you were evaluating. Correlation coefficients this 
low must be viewed with skepticism, even though they are statistically 
significant. 

I have some questions related to the effect lowered intra-abdominal 
pressure has on venous return. I would suggest that you use gaited cardiac 
scintigraphy to evaluate the effect of decreasing intra-abdominal pressure 
on right and left ventricular volumes. What you showed us were mea- 
surements of pulmonary artery occlusion pressure (that is, wedge pres- 
sure). It would be nice to know the change in intraventricular volumes 
after the reduction in intra-abdominal pressure. 

How many of these patients, in whom you found an improvement 
after lowering intra-abdominal pressure, subsequently had a peritoneo- 
venous shunt inserted, and what was its effect? 


Dr. JOHN SAVINO (Closing discussion): I would like to thank all the 
discussants for their comments and questions, which I will attempt to 
answer. Dr. Fischer, the decrease in the total peripheral resistance that 
occurred after performing the paracentesis is probably related to a de- 
compression at the level of the renal parenchyma and renal vein. Studies 
have shown that, despite an adequate cardiac output, the glomerular 
filtration rate remains depressed when the intra-abdominal pressure is 
elevated. Concomitantly, the renal vascular resistance and systemic vas- 
cular resistance have been found to be significantly elevated under these 
circumstances, A comparable situation has been demonstrated in hy- 
povolemic trauma patients with military antishock trousers inflated on 
the lower extremities and abdomen. The hemodynamic effect is a minimal 
increase in preload but also a significant increment in systemic resistance. 

Colloid administration would have increased diuresis by increasing 
the effective plasma volume. In fact, colloids were restricted during only 
the 12 hours preceding paracentesis and during the study protocol, in 
order to diminish the number of variables. The benefit from the para- 
centesis is temporary, and without albumin administration, the plasma 
volume contracts at about 48 hours after paracentesis. The patients in 
our study were either in a postoperative period or were in a phase of 
resuscitation immediately after a variceal bleed. Consequently, many 
had received colloid, but had also an increased volume of ascites. Others 
have shown that 48 hours after a Jarge volume paracentesis, irrespective 
of the presence of peripheral edema, the creatinine clearance will decrease 
if the plasma volume is not augmented with colloid infusions. 

Parenthetically, we feel the measurement of the intra-abdominal pres- 
sure is an ideal method for following the function of the peritoneovenous 
shunt. If a patient’s intra-abdominal pressure increases significantly, one 
should become suspicious that there is an occluded shunt. 

Dr. Fischer, the final outcome in this group of 25 patients studied 
included twelve mortalities. Many of the patients had undergone a pre- 
vious devascularization. Some were those being admitted a second and 
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third time to the hospital with a major recurrent gastrointestinal (G.I.) 
bleed. The devascularization procedure is associated with a 20% mortality 
for cirrhotic patients during their first hospital admission secondary tc: 
a major variceal bleed. AIl the Child’s Class B patients survived in our 
recent retrospective review. Twenty percent of the Child’s class C patients 
ultimately died. Approximately 60% of these surviving patients will ul- 
timately require readmission for their gastropathy with antiacids, Hz 
blockers, nothing initially being administered orally. Those bleeding from 
varices require endoscopic sclerotherapy, and in some cases, the third 
phase of the procedure involving embolization of the left gastric and lef; 
gastroepiploic arteries. _ 

Dr. Border asked how much of the ascites is related to devascularization 
of the stomach? I do know that by performing the splenic artery em- 
bolization, the portal pressure drops approximately 8.5 cm H,O secondary 
to diminished splenic vein flow. By performing a portoazygous discon- 
nection there is an H,O increase in portal vein pressure of approximately 
8 or 9 cm of water, Therefore, the portal vein pressure remains relatively 
unchanged and the hepatopetal flow is maintained with less hepatic failure 
and encephalopathy. What we have eliminated are the gastroesophageal 
varices and their connection to the portal system. This method of man- 
agement is ideal for patients who have failed endoscopic sclerotherapy, 
which, in reality, can manage esophageal bleeding varices only. 

What produces the total peripheral resistance increase, and where is 
it located? Previous studies have demonstrated that with increases in 
intra-abdominal pressure greater than 25 cm H,O, there is a 30% rise in 
total peripheral resistance and a 555% rise in renal vascular resistance. 
By decreasing abdominal pressure, there is a subsequent increase in renz] 
plasma flow, glomerular filtration rate, and urine flow. Certainly, by nct 
dropping the portal pressure significantly, the same pathophysiology re- 
mains that perpetuates the sodium retention by the kidneys. Most studies 
relate this abnormal function to selective vasoconstriction to the renal 
cortex producing ischemia. l 

Dr. Border, the appropriate volume of the paracentesis should be the 
amount sufficient to improve hemodynamic and renal abnormalities. 1f 
a Swan-Ganz catheter is not in place, the best method of monitoring 
would be the intra-abdominal pressure measured via a urethral cathete-. 

Dr. Witte, I agree that the expected effect of a paracentesis should te 
an increase in venous return to the right side of the heart. However, even 
the studies that have demonstrated an increase in preload have neglected 
to emphasize the diminished afterload. 

Dr. Leveen, thank you for your comments. 

Dr. Schloerb, we were also impressed by the urinary sodium levels 
greater than 50 mEq per liter. Many of these patients received Spirono- 
lactone, which takes 3-5 days to be effective and which has a half-life of 
more than 24 hours. The diuretic was stopped within [2 hours of initiating 
the protocol. Several of the patients were beyond the hepatorenal syn- 
drome, with clear evidence of acute tubular necrosis reflected by high 
urinary sodium levels. We did not rigidly document the weight changes 
and extremity measurements. 

Dr. Orloff asked whether these temporary changes improve survival. 
I can say that the oliguric patients responded to the paracentesis with én 
increase in urine output. The plasma volume was maintained with colloid 
infusions. In cases where the volume of ascites reaccumulated with an 
elevated intra-abdominal pressure, repeat paracenteses were performed 
if diuretics and sodium restriction were ineffective. A recent study dera- 
onstrated in hepatorenal syndrome patients that by decreasing the intra- 
abdominal pressure by paracentesis, the glomerular filtration rate, renal 
plasma flow, and urine flow all improved. Ascites fluids reformed, how- 
ever, reducing vascular volume, urine flow, glomerular filtration rate, 
and renal plasma flow. Patients that underwent peritoneovenous shurts 
in this group experienced long-term improvement in hepatic and renal 
function. 

The devascularization procedure had an 80% survival for these patients 
who failed endoscopic sclerotherapy. In the original group, the survival 
at | year was 70%. 

Dr. Sugerman, we were impressed with the relatively low correlations. 
I believe that this relates to the fact that cirrhotic patients exist in various 
hemodynamic phases. Depending on their complications and levels of 
resuscitation they can be hypo-, normo- or hypervolemic. In fact, the 
patients in our study varied in their response to paracentesis, but most 
followed a consistent pattern as reflected by the statistically significant 
p values. Several patients did undergo peritoneovenous shunts success- 
fully. My colleagues and I would like to thank the association for giving 
us the opportunity to present this data. 
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Arginine enhances immune function and promotes nitrogen re- 
tention in animal models, but its immunomodulatory effects in 
surgical patients are unknown. This randomized, prospective trial 
evaluated the immune and metabolic effects of supplemental L- 
arginine (25 g/day, n = 16) or isonitrogenous L-glycine (43 g/ 
day, n = 14) in 30 cancer patients undergoing major operation. 
Two groups of patients received either arginine or glycine for 7 
days after surgery as a supplement to a graduated enteral diet. 
Nitrogen balance was measured daily, and immune parameters 
were determined both before and after surgery, on Days 1, 4, 
and 7. The T-lymphocyte response to concanavalin A (con A) 
and PHA and dual marker phenotype analysis of lymphocyte 
(CD2, CD4, CD4/DR, CD8, CD8/DR) and macrophage (M3/ 
DR) subsets were determined. Mean age, degree of preoperative 
weight loss, disease stage, number of perioperative transfusions, 
and calorie and nitrogen intake were similar for the groups stud- 
ied. Mean daily nitrogen balance (—2.3 g/day in the arginine 
group ys. —3.9 g/day in the glycine group) was not significantly 
different between the two groups, but positive mean nitrogen 
balance was achieved only in the arginine group between Days 
5 and 7 after surgery. Supplemental arginine significantly en- 
hanced the mean T-lymphocyte response (stimulation index) to 
. con A from 45 + 26 on postoperative Day 1 to 72 + 47 and 87 
+ 49 on postoperative Days 4 and 7, compared with the values 
of 29 + 15, 27 + 20, and 33 + 34 in the glycine group at the 
same time points, respectively. Supplemental arginine increased 
mean CD4 phenotype (% T-cells) on postoperative Days 1 and 
7 from 25 + 9 to 43 + 14, compared with the values of 30 + 14 
and 29 + 13 in the glycine group (p < 0.05). The beneficial effect 
of arginine on the immune system appeared distinct from its 
more moderate effect on nitrogen metabolism. As a nutrient sub- 
strate, arginine was nontoxic, and may benefit surgical patients 
who are at increased risk of infection. 
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AJOR OPERATION and injury results in weight 
M loss, negative nitrogen balance, and a variable 

degree of immune dysfunction. Perioperative 
nutritional support can usually accomplish positive ni- 
trogen balance and ameliorate weight loss.! When im- 
mune dysfunction is caused by malnutrition, nutritional 
intervention can also reverse the anergic state, while giving 
priority to the improvement of weight, serum and tissue 
protein, and immune function.’? When immuno- 
suppression is a result of the trauma itself, however, nu- 
tritional support has generally not been helpful in revers- 
ing the dysfunction. In a study of 34 patients undergoing 
elective abdominal aortic aneurysmectomy, O’Mahony 
et al. administered a balanced amino acid solution intra- 
venously to these patients.’ No improvement in lympho- 
cyte mitogenic responsiveness or in phenotype subset 
analysis was noted. Although generic balanced nutrient 
formulas have not been helpful in this situation, experi- 
mental data has suggested that pharmacologic doses of a 
single amino acid, arginine, has specific immunostimu- 
latory effects that may be of value in the perioperative 
period. 

In 1978, Barbul et al. noted that, in rats, supplemental 
dietary arginine reduced the thymic involution that occurs 
after injury.’ A significant increase in thymocyte content 
and thymocyte activation to mitogens occurred in animals 
receiving supplemental arginine. Seifter et al. demon- 
strated that arginine improved the survival of injured ro- 
dents. Supplemental dietary arginine lessened the post- 
injury loss of weight and accelerated the increase in 
wound-breaking strength and the rate of collagen depo- 
sition after injury. Arginine has been studied in several 
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stress models demonstrating improvement in host im- 
munity. A diet containing arginine as 2% of the total 
nonprotein calories significantly increased animal survival 
after 30% body surface burn, improved delayed cutaneous 
hypersensitivity responses, and improved local bacterial 
containment of subdermal staphylococcal injections.’ The 
etiology of these metabolic and immunologic effects is 
unclear. Arginine stimulates growth hormone secretion 
as well as other hormones. Theoretically, this neurohu- 
= moral response could be responsible for both immune 
and metabolic effects. However, recent evidence suggests 
that arginine alone has direct effects on macrophages and 
lymphocytes that enhance their responsiveness to anti- 
genic stimuli.’ 

Despite numerous studies of a variety of animal models 
demonstrating the efficacy of arginine-supplemented diets 
in reducing the catabolic response to major trauma, sepsis, 
and injury, and in improving the immune response after 
a variety of adverse stimuli, few studies of this sort have 
been conducted in humans. Elsair et al. demonstrated 
improvement of nitrogen balance during 3 days after cho- 
lecystectomy had been performed in patients receiving 
intravenous (I.V.) arginine (15 g/day).’ Barbul et al. stud- 
ied normal human volunteers given oral arginine hydro- 
chloride supplements (30 g/day) for 1 week, and noted a 
significant increase in peripheral blood mean lymphocyte 
blastogenic response to con A and PHA.!° However, the 
immunologic effects of arginine in injured humans have 
not been reported. 

The purpose of this study, therefore, was to evaluate 
the effects of arginine supplementation on the immune, 
metabolic, and endocrine parameters in a population of 
surgical patients known to be at high risk of developing 
complications during the perioperative period. 


Materials and Methods 


Adult patients with gastrointestinal (G.I.) malignancies 
who were to undergo major operation were eligible for 
entry into the study if they had 1) no history of intestinal 
disease, 2) no history of insulin-dependent diabetes mel- 
litus, 3) normal renal function (serum creatinine level be- 
low 2 mg/ml and blood urea nitrogen level below 30 mg/ 
ml), 4) no previous intestinal resection, 5) no previous 
abdominal or pelvic radiotherapy, 6) no preoperative ev- 
idence of infection (temperature greater than 37.6 C, white 
blood cell count greater than 10,000 cells/ml’, or bacter- 
emia, 7) no steroids or anti-immune medication, and 8) 
body weight not greater than 130% of ideal body weight. 
Baseline studies on all patients consisted of complete his- 
tory and physical examination. Preoperative laboratory 
studies included measurement of serum urea nitrogen, 
serum glutamic oxyloacetic transaminase, lactic dehy- 
drogenase, albumin, total protein, uric acid, calcium, 
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TABLE 1. Enteral Diet* 








g/L % Total kcal 
Protein 45 16.5 
Carbohydrate 200 73.4 
Fat 12.2 10.1 


(1.09 Keal/ml) 


* Nutrisource Modular Diet, Sandoz Nutrition, Minneapolis, MN. 
Diets supplemented each day with either 25 g of L-arginine or 43 g 
of L-glycine. 


| phosphorus, bilirubin, alkaline phosphatase, and creati- 


nine levels. A complete blood count, as well as prothrom- 
bin and partial thromboplastin times, were also obtained. 
General assessment of nutritional status included mea- 
surements of height, body weight, and a description of 
usual body weight and the percentage of usual body weight 
and ideal body weight. All patients gave informed consent 
to this study, which was approved by the institutional 
review board of the University of Pennsylvania School of 
Medicine. Patients were stratified based on the extent of 
their weight loss (less than 10% of usual body weight vs. 
greater than or equal to 10% of usual body weight) and 
the blood transfusions they had received during their op- 
eration (none vs. greater than or equal to one). Patients 
were then randomized to one of two treatment groups. 
Group 1 patients received enteral alimentation with a 
modular diet (Table 1) supplemented with 25 g of L-ar- 
ginine daily, whereas Group 2 patients received the same 
modular diet with L-glycine (43 g/day) as an isonitroge- 
nous control supplement. 

At the time of the operation, all patients underwent 
procedures as indicated by their primary site and stage of 
disease. A needle-catheter jejunostomy was placed in the 
proximal jejunum. In the recovery room, an abdominal 
roentgenogram was obtained after injecting 20 ml of 
meglumine diatrizoate in order to document that the 
catheter tip was in the proper location and that no leaks 
were present. Using an infusion pump, infusion of a 5% 
dextrose and water solution was then begun through the 
catheter jejunostomy at a rate of 30 ml per hour. Blood 
and fluid replacement was continued intravenously as 
clinically indicated for each patient. 

At 11:00 a.m. on the first postoperative day, jejunos- 
tomy patients were randomly assigned to receive either 
an arginine supplemented enteral diet or a glycine sup- 
plemented enteral diet. The solutions were formulated by 
one of the authors (L.K.) and provided daily to the nursing 
staff for administration to patients. The formulas were 
coded and the investigators were blinded until after data 
analysis was complete. Diets were isocaloric and nearly 
iso-osmolar, with identical protein and fat content pro- 
vided in a chemically defined, liquid form. The progres- 
sion of jejunostomy feeding infusion rates is shown in 
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TABLE 2. Jejunostomy Feeding Schedule 


Amount 
Day Concentration (ml/hour) 
0 0.5 W 30 
Í 0.5 50 
2 0.5 60 
rn 3 0.75 60 
w 4 1.0 70 
5 1.0 80 
6 1.0 80 
7 1.0 80 


Table 2. This diet was intended to provide approximately 
25 kcal/kg per day by the fourth postoperative day. G.I. 
symptomatology was assessed and recorded daily. If 
moderate to severe symptoms of nausea, vomiting, ab- 
dominal cramping, or diarrhea occurred, the infusion was 
discontinued for 8 to 12 hours and then resumed, when 
possible, at the next lower infusion rate. Adverse symp- 
toms were managed as clinically indicated, with diarrhea 
and cramping treated with enteral codeine or tincture of 
opium. When adverse symptoms cccurred, they were re- 
corded for each day: nausea or vomiting that required 
antimetics, diarrhea of 3-5 loose bowel movements per 
day, abdominal cramping or bloating that limited am- 
bulation and was unrelated to flatus, pain that was relieved 
only by medication and was distinct from incisional pain 
and fever, and an oral temperature of more than 38.5 C. 


All patients were managed with sump tube nasogastric ' 


drainage, with the tube being removed when clinically 
indicated. Other than clear liquids taken orally, patients 
received no nutrition during the first 7 postoperative days. 
Progression from clear liquids to regular diet occurred as 
clinically indicated. All patients received I.V. fluids (5% 
dextrose and 0.5% normal saline solution) and other elec- 
trolytes as clinically indicated. | 
Body weight of all patients was assessed daily. All LV. 
and enteral intake was measured and calorie and nitrogen 
intake was calculated. Urine was collected for each 24- 
hour period; urine nitrogen content was measured by the 
Kjeldahl technique, and creatinine was measured by an 
automated system (Technicon, Tarrytown, NY). Urine 
nitrogen levels were corrected for each 24-hour period by 
using urine creatinine excretion, and values were corrected 
for changes in serum urea nitrogen ievels. No attempt was 
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‘made to collect the fecal output. In the absence of diarrhea, 


a significant amount of stool was not excreted until oral 
intake was resumed after Day 7. 


| Immune Function Studies 


Blood was collected at 8:00 a.m. on the day before op- 
eration and on the first, fourth, and seventh postoperative 
days. Peripheral blood mononuclear cells (PBMC) were 
isolated from heparinized venous blood by Ficoll-Hy- 
paque density gradient centrifugation. Cells were washed 
three times with Hank’s balanced salt solution (HBSS), 
resuspended in culture medium, and counted. Cell via- 
bility was determined by trypan blue dye exclusion. 

Freshly isolated PBMC were suspended at a concen- 
tration of 1 X 10°/mlin Roswell Park Memorial Institute 
(RPMI) 1640 supplemented with 10% heat inactivated 
pooled normal blood type A serum, 2mM L-glutamine, 
100 u/ml penicillin and 100 ug/ml steptomycin. PBMC 
were cultured at a concentration of 1 X 10°/ml in flat- 
bottomed microtitre plates with/without con A (Sigma 
%; 5 ug/ml, St. Louis, MO) or phytohemagglutinin (Sigma; 
10 ug/ml). The cultures were incubated in a humidified 
incubator at 37 C in 5% CO, for 3 days. Eight hours before 
harvesting, 1 «Ci of 7H-thymidine was added to each well, 
and the radioactivity in the pellets counted in a liquid 
scintillation counter (Tricarb, Model 500, Packard, Ster- 
ling, VA). Data is expressed as a stimulation index (SI) 
where 


mean counts per minute stimulated 
_ lymphocytes (triplicates) 
~ mean counts per minute 
unstimulated lymphocytes 


The Leu series of monoclonal antibodies, including 
anti-Leu> (CD2), anti-Leu* (CD4), anti-Leu? (CD8), and 
anti-Leu M? was used in these studies (Becton Dickinson, 
Sunnyvale, CA). These antibodies are directly conjugated 
with fluorescein isothiocyanate (FITC). Antibody recog- 
nizing the HLA-DR framework was directly conjugated 
with phycoerythrocein and was used in combination with 
all the fluoresceinated antibodies for dual-marker subset 
analysis. Details of the cell surface targets of these anti- 
bodies and the population identified are shown in Ta- 
ble 3. 


TABLE 3. Lymphocyte and Monocyte Subset Analysis 


Target Antigens Target Population 
Leu 5 Total T-lymphocytes 
Leu 3 Inducer/helper T-cells 
Class II, restricted 
Leu 2 Suppressor/Cytotoxic T-cells 
Class I, restricted 
Leu M3 Monocytes 


Leu M3-HLA-DR 


HLA-DR HLA-DR-bearing cells 
Leu 3~HLA-DR Activated inducer/helper T-cells 
Leu 2~HLA-DR Activated suppressor/cytotoxic T-cells 


Antigen-presenting monocytes 
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TABLE 4, Patient Characteristics (Mean + standard deviation) 


Arginine Glycine 
Number of patients 16 14 
Age (yrs) 66+ 8 62 + 10 
Male/Female 12/4 12/2 
Body Weight (kg) 70 + 15 79 + 20 
% Usual Weight 91+ 0.1 92+ O01 
% Ideal Weight 105 + 15 112+ 21 
>10% Weight Loss 10 of 16 pts. 7 of 14 pts. 
Blood Transfusions 13 of 16 pts. 10 of 14 pts. 


Peripheral blood mononuclear cells (1 X 10°) were in- 
cubated with an appropriate concentration of antibody 
diluted in phosphate buffered saline containing 2% fetal 
bovine serum and 0.1% sodium azide for 45 minutes at 
4 C. The stained cells were washed three times and ana- 
lyzed in a flow microfluorimeter (Ortho Cytofluorograf 
System, 5OHH, Ortho Diagnostics Instruments, MA). A 
minimum of 1000 lymphocytes and 200 monocytes were 
analyzed in each specimen. Lymphocyte data is expressed 
as a percentage of cells in each population relative to total 
lymphocytes. HLA-DR on cells is described as a per- 
centage of cells from each specific cell population. 


Endocrine Measurements 


Plasma insulin, plasma glucagon, serum cortisol, serum 
growth hormone, and serum somatomedin C were mea- 
sured by radioimmunoassay (RIA), as previously de- 
scribed. !!-!? 

Statistical analysis of metabolic endpoints, such as daily 
nitrogen balance (gram per day) and serum hormonal 
measurements, was performed using one-way analysis of 
variance. Analysis of immune function studies was made 
through the use of one-way analysis of variance and non- 
parametric testing methods, using the Mann-Whitney and 
Wilcoxan tests. Data are reported as the mean + standard 
deviation. Statistical significance was determined at the p 
< 0.05 level. 


Results 
Patient Characteristics 


Characteristics of the patients upon entry into the study 
were similar for the two groups, reflecting the homogeneity 
of the patient population that was studied, as shown in 
Table 4. The mean age, percentage of usual body weight, 
and number of patients who had lost greater than 10% of 
their body weight were similar for both groups. In addi- 
tion, the clinical and pathologic diagnoses and stages of 
disease were similarly distributed for the arginine and gly- 
cine-supplemented groups, as shown in Table 5. The most 
common operative procedure was esophagogastrectomy, 
which was performed in eight of 16 patients who received 
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TABLE 5. Diagnosis and Stage of Disease (Numbers of Patients) 


Arginine Group Glycine Group 

Diagnosis of Disease 

Esophageal 8 6 

Gastric 3 2 

Pancreatic 3 4 

Colorectal 2 l 

Melanoma 0 l 
Stage of Disease 

I 3 2 

Il 3 3 

Ii 6 8 

IV 2 l 


arginine and in six of 14 patients who received glycine. 
Transfusions were given intraoperatively or within the 
first postoperative day in 13 of 16 patients who received 
arginine and in ten of 14 patients who received glycine, 
as shown in Table 4. 


Metabolic Studies 


As shown in Figures 1 and 2, in terms of caloric intake 
and nitrogen intake during the first 7 postoperative days, 
mean nutrient intake increased similarly in both groups. 
As shown in Table 6, mean total daily caloric intake was 
1372 + 549 calories in the arginine-supplemented group 
compared with 1389 + 574 calories in the glycine-sup- 
plemented group. Mean nitrogen intake was nearly iden- 
tical in both groups (15.3 + 6.4 vs. 15.0 + 5.6 g per day). 
There was no significant difference in mean cumulative 
nitrogen balance (—2.3 + 6.5 g vs. —3.9 + 7.0 g) in the 
arginine- and glycine-supplemented groups, respectively. 
Mean daily nitrogen balance became positive after Day 
5 in the arginine group, whereas it remained negative in 


NON-PROTEIN KCAL INTAKE 


Keals: 
(Thousands) 
[a] 


1 3 5 7 
Post~Op Days 


Fic. 1. Nonprotein kcal intake increased similarly in both arginine and 
glycine groups during the postoperative period as flow rate and formula 
concentration was increased. 





MEAN NITROGEN 


Nitrogen Wi 
Intake 
(g/day) 


o—t) ARGININE — 


+--+ GLYCINE 





Post~Operative Day 


FG. 2, Nitrogen intake increased similarly in both the arginine and glycine 
groups. The high initial levels were due to the administration of 25 g of 
L-arginine or 43 g of L-glycine daily to each patient. 


the glycine group throughout the 7-day period (Fig. 3). 
During this 3-day period, mean daily nitrogen balance 
was +0.1 + 5.3 g in the arginine group compared with 
—2.8 + 6.1 g in the glycine group. 

Measurement of plasma amino acids of the two groups 
revealed significant increases in plasma arginine levels, 
from a preoperative level of 87 uM/1 to 213 uM/i by post- 
operative Day 7. As shown in Figure 4, plasma ornithine 
levels increased from 57 yuM/l to 259 wM/l in 
the arginine-supplemented group. In the glycine-supple- 
mented group, plasma arginine levels remained similar 


throughout the postoperative period, whereas plasma or- 


nithine levels seemed to decrease somewhat. Plasma gly- 
cine levels increased from 255 uM/l to 586 nM/] in the 
glycine-supplemented group as expected. As.shown in 


- Table 7, plasma concentrations of lysine, leucine, isoleu- — 


cine, alanine, and glutamate were not significantly differ- 
ent for the arginine- and glycine-supplemented groups. 
Immune Studies 


As shown in Figure 5, T-lymphocyte activation to con 
A demonstrated significant decreases from the preoper- 


ative levels to the first postoperative day in both arginine - 


and glycine groups. However, there was no significant dif- 
ference between the arginine and glycine groups on either 


TABLE 6, Nutrient Intake and Nitrogen Balance 
(Mean + Standard Deviation) 


Arginine Group Glycine Group 
Total kcal. 1372 +549- 1389 +574 
Nonprotein kcal 1059 +424 1092 + 440 
Nitrogen Intake (g) 5.34 6.4 150+ 5.6 
Nitrogen Balance (g) —~2.3+ 6.5 —3.9+ 7.0 
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Post-Op Days 


Fic. 3. As dietary intake increased, nitrogen balance improved in both - 


groups. However, only in the arginine group was s positive nitrogen balance 
achieved during postoperative Days 5-7. 


of these two days. In the arginine-supplemented group, 
the mean con A stimulation index increased from 45 + 29 
on postoperative Day 1 fo 72 + 47 and 88 + 50 on post- 
operative Days 4 and 7, respectively (p < 0.05). By con- 
trast; the mean stimulation index in the glycine-strmulated 


- group remained depressed throughout the postoperative 


period, with levels varying from 27 + 20 to 34 + 23 (p 
< 0.05 arginine group vs. glycine group). T-lymphocyte 
activation to phytohemoglutanin decreased in both the 
arginine- and glycine-supplemented groups from the pre- 
operative value to the first postoperative day. In the ar- 
ginine group, the mean stimulation index increased sig- 
nificantly (p < 0.02) from 94 + 69 on postoperative Day 
1 to 135 + 93 and 145 + 121 on the fourth and seventh 
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*p<0.001 Post-Op Days 

Fic. 4. Mean plasma arginine and ornithine levels increased substantially 
on Day 4 and Day 7 in the arginine group (dashed lines) compared with 
the glycine group (solid lines). 
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TABLE 7. Plasma Amino Acids (uM/L) 
Arginine Glycine 
Preoperative Day | Day 4 Day 7 Preoperative Day | Day 4 Day 7 
Arginine 87+ 15 76x 8 120 + 73 213 £42 103 + 29 75+ 16 72+ 21 80+ 43 
Ornithine 57 +21 62 + 36 181 + 94 259 + 76, 67+ 11 60+ 6 49+ 14 ST 21 
Glycine 262 + 46 169 + 60 129 + 24 136 + 31 255 +71 144+ 67 650 + 430 586 + 415 
Lysine 184 + 41 85 + 24 139 + 38 141+ 35 167 + 35 111+ 38 177+ 63 lt 45 
Leucine 108 + 23 76 + 24 139 + 30 125 + 50 123 + 35 83+ 19 123+ 29 131+ 41 
Isoleucine 66 + 28 33 + 12 69 + 13 75 + 26 54 + 17 27+ 15 62+ 22 65+ 29 
Alanine 435 +65 243 + 72 249 + 76 296 + 80 364 + 90 356 + 367 273 + 102 374 + 153 
Glutamate 80 + 24 86 + 2] 60 + 19 90 + 48 105 + 44 64+ 23 70+ 46 133 + 115 


postoperative days, respectively. In the glycine-supple- 
mented group, there was minimal elevation of the mean 
stimulation index, from 44 + 23 to 57 + 41 by the seventh 
postoperative day. The changes in T-lymphocyte activa- 
tion by PHA were significantly different at the p < 0.05 
level for the arginine- and glycine-supplemented groups. 
Measurement of total T-lymphocytes and lymphocyte 
subsets, using isofluorescence and dual color markers with 
FACS analysis, demonstrated an increase in the CD4 (T 
helper cell) expression from 33 + 13 on the first postop- 
erative day to 43 + 14 on the seventh postoperative day, 
in comparison with the glycine group, in which the CD4 
expression varied from 33 + 13 to 29 + 13 during the 
same period (p < 0.05). As shown in Table 8, other phe- 
notype subsets, including total T-cells, CD8, CD4/CD8 
ratio, CD4DR, CD8DR, CD4DR/CD8DR and M3DR 
showed no significant differences between the arginine- 
and glycine-supplemented groups during the perioperative 
period. 


T LYMPHOCYTE ACTIVATION 
Conconavalin A (7 ugs/ml) 


Stimulation Index 


Preop 


1 
DAYS 
Op 


Fic. 5. In both groups T-lymphocyte activation to con A decreased sig- 


nificantly from the preoperative period to postoperative Day 1. However, - 


in the arginine group there was a rapid rise back to normal levels on 
Days 4 and 7, whereas mean values remained low in the glycine group. 
(Mean + SEM). 





T LYMPHOCYTE ACTIVATION 
Phytohaemagglutinin (10 uas/m!) 


Stimulation Index 





Preop 


Op 


FIG. 6. T-lymphocyte activation to PHA decreased significantly from 
the preoperative period to postoperative Day | in both groups, but rose 
back to normal levels only in the arginine group. Due to high values in 
three patients, preoperative mean values were higher in the arginine 
group than in the glycine group. If matching preoperative values are 
used, the same findings are noted. (Mean + SEM). 
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Fic. 7. On Day 7, mean CD4 (T-helper cell) expression increased sig- 
nificantly in the arginine group compared with the glycine group. 
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TABLE 8. Lymphocyte/Macrephage Phenotype Subsets* 


Ch 18 iT > 41 7 
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Arginine (Days) 
1§ 1f 41 
Total T 49 +15 47 +20 60 +12 
CD4 33 +13 ° 25 +9 38 +11 
CD8 17 +9 19 +13 18 +11 
* CD4/CD8 24+ 11 18 408 26 + 15 
CD4-DR §.1 + 43 7.0 + § 5.6 + 2.8 
CD8-DR 8.0 + 5.7 116 + 4.7. 94 + 3.7 
CD4-DR/CD8-DR  0.62+ 0.29 0.57 + 0.3 071+ 0.6 
M3-DRt 59 +24 44 +22 42.6 +22 
* Percent lymphocytes. - l 
t Percent macrophage. 


p < 0.05 (Arginine vs. Glycine). ` 


Measurement of serum concentrations of creatinine, . 


glucose, and blood urea nitrogen showed no significant 


differences in the results in the arginine and glycine groups. - 


As shown in Table 9, mean plasma insulin levels rose 
during the perioperative period, but there was no signif- 
icant difference between arginine and glycirie groups. 
Changes in mean plasma glucagon levels were variable 
and not significantly different between the groups. Mean 
plasma cortisol levels increased, as expected, from the 
preoperative to postoperative time periods, but increased 
similarly in both arginine- and glycine-supplemiented 


groups. Mean plasma growth hormone levels. increased - 
in both groups from the preoperative to the first postop- - 


erative day. Thereafter, there was no significant difference 
in mean serum growth hormone levels of the groups. 


2 However, mean serum somatamedin C (IGF1) levels were 


significantly increased in the arginine-supplemented group 
on postoperative Day 7, in comparison with results of the 
glycine-supplemented group, as shown in Figure 8. 

G.I. complications of the jejunostomy feeding were not 
common. In both groups, nausea occurred in two patients. 
` Also in both groups, diarrhea occurred in. four patients. 
Abdominal cramping and bloating occurred in four pa- 
tients who received arginine and six patients who received 


Glycine (Days) 

+ 20 54 +14 50 +16 46 +17 46 +13 

tidf 33 +13 30 +14 -30 +12 29 +13 

+10 24 +10 21 +10 17 +11 17 +11 
39 + 2.8 17 £ 10 16 +.11 15+ 1.6 232 1.7 
53 + 38 O14 60 75 + 50 %78+ 44 92 43` 
7.0 + 33 11.5 + 64 148 +11.7 15 +14 167+ 9 
0.74+ 0.4 097+ 06 O71+ 40 O8+ 04 06+ 03 

+19 S50 +18 46 +23 , 46 +26 49 +24 

§ Preoperative. 


T Postoperative. 


glycine. Feeding required interruption in two of the pa- 
tients who received arginine and three of the patients who 
received glycine. There were no mechanical or infectious 
complications with the jejunostomy catheters in any pa- 


_ tient. = r 


- Respiratory, infectious, and G.I. complications oc- 


‘curred in ten of 16 patients of the arginine group, com- 


pared with nine of 14 patients of the glycine group. Re- 
spiratory complications were most common and occurred 
predominantly in the patients undergoing esophagogas- 
trectomy. Five respiratory complications occurred in pa- 
tients of both groups who had atelectasis (five), pulmonary 
infiltrates with fever (two), and pulmonary embolus (one), 
pneumothorax (one), and respiratory insufficiency (one). 


Postoperative intestinal ileus (lasting for more than 7 days) 


occurred in four instances; pancreatitis occurred in two 
instances, and a gastric bezoar formed in one patient after 
the study period had completed. Postoperative oral tem- 
perature elevation greater than 38 C by the fifth postop- 
erative day occurred in 25% of the patients of the arginine 
group and 43% of those of the glycine group. None of the 
patients had positive blood cultures or hypotension as- 
sociated with fever. A superficial perineal wound infection 
occurred in one patient. Three months after surgery, one 


TABLE 9. Cortisol and Circulating Hormone Levels 


Hormone Group Preoperative Postoperative Day 1 Postoperative Day 4 Postoperative Day 7 

Cortisol (mg/dl) Arginine 29.7 + 18.6 | 372° + 116 30.9 + 17.6 40.8 +28.8 
Glycine 23.4 + 14.6 42.5 + 249 40.8 + 25.4. 38.9 + 28.4 

Insulin (ng/ml) Arginine 104+ 0.5 136 + 0.5 « hie Li 2.5 2 12 
Glycine 124+ 05 196 + 1.5 2.1 + 1.6 25 +. 14 
Glucagon Arginine - 192. + .82 244 + 112 162 + 37 182 +598 
(pgs/ml) Glycine - 261 +130 227 + 64 290 +119 210 3 + 73.0. 
Growth Hormone Arginine 23 + 3.0 T2 oe 37 3.6 + .2.3 54 + 33 
- (ng/ml) Glycine 4.2 + 3.7 + 8.0 49 + 3.4 3.5 + 45 

Somatomedin c Arginine ~ 071+ 0.3 0.33 + 0.09 047+ 0.2 0.59 + 0.18" 
(U/ml) Glycine 0.70+ 03 0435+ 02 036+ 02 0.39+ 0.12 

_Mean + SD. * n < 0.05. 
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patient in the glycine group died of complications that 
developed after the study had completed. 


Discussion 


Immunosuppression is a major factor in the cancer pa- 
tient. Tumor burden, malnutrition, and surgery, with its 
attendant anesthesia and blood transfusions, have all been 
found to depress the immune system.” Patients with can- 
cer show depression of both cellular and humoral immune 
functions. Classically, T-cell proliferative responses to both 
mitogen and alloantigen are reduced with increasing tu- 
mor burden. Patients with advanced disease often lack a 
delayed type hypersensitivity reaction to skin recall an- 
tigens (i.e., anergy), the absence of this response being 
predictive of increased sepsis and mortality. In analyzing 
anergy, recent studies have found defects in T-cell acti- 
vation to be the primary abnormality in the delayed type 
hypersensitivity response.’* When removed from the 
“anergic environment” and cultured in vitro with recall 
antigen, however, T-cells proliferate normally. These ac- 
tivated T-cells are capable of eliciting the delayed type 
hypersensitivity response when reinjected into the patient. 
Cytotoxic T-lymphocytes isolated from patients with 
breast, lung, and colon carcinomas, as well as from sar- 
comas, demonstrate decreased cytotoxicity to autologous 
tumor.!° Natural killer (NK) cells, the body’s putative first 
line against cancer, are also less active when isolated from 
both tumor-bearing animals and patients. 

In addition to the immunosuppression that occurs in 
the presence of malignancy, operative therapy intended 
to eradicate tumor occasionally promotes metastatic 
growth. Patients undergoing diverting colostomy followed 
by colectomy for cancer have been shown to do less well 
than those treated by one operation.'® Controlled exper- 
iments in animal models corroborate enhancement of tu- 
mor growth, but mechanisms remain obscure.'’ Func- 
tionally, T-cells show depressed responses to mitogen or 
alloantigen.'*-*° Eggermont et al., for example, noted that 
laparotomy abrogated the antitumor effect of lymphocyte- 
activated killer cells (LAK) in a murine sarcoma model.”! 

Although blood transfusions are often unavoidable in 
oncologic surgery, they may adversely affect prognosis in 
the cancer patient. Regardless of stage, perioperative 
blood transfusion has been associated with significantly 
poorer prognosis in breast carcinoma, colon cancer, non- 
small cell lung cancer, and sarcoma.?>-*8 Although the 
mechanisms involved are complex and multifactorial, 
multiple histocompatible blood transfusions depress the 
immune response that is manifest in vitro by poor T-cell 
proliferative indices and decreased effector cell response 
to various lymphokines. These defects are implicated in 
contributing to accelerated tumor growth. For this reason, 
patients in our current study were stratified for periop- 
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Fic. 8. Mean serum somatomedin C (IGF 1) levels decreased on the first 
postoperative day in both groups. It then rose towards normal levels in 
patients of the arginine group, but remained depressed in patients in the 
glycine group. 


erative blood transfusions. Generic nutritional support 
with protein and calories has not been found to dramat- 
ically improve immune function. But certain nutrient 
substrates such as arginine may play a role in regulating 
the immune system. 

Arginine is a dibasic amino acid considered semi-es- 
sential for times of metabolic stress.””-*° In such a situation 
(e.g., after operation or malnutrition), in animal studies, 
exogenous arginine supplementation consistently im- 
proves nitrogen retention, protein turnover, and wound- 
healing.**! Elsair et al. showed that, compared with con- 
trol patients, parenteral infusion of arginine (15 g/day) in 
patients who had undergone cholecystectomy reduced ni- 
trogen excretion by 60%.’ In our study, as nitrogen and 
caloric intake improved, the nitrogen balance of both 
groups improved daily. However, positive mean nitrogen 
balance was achieved only in the arginine group. Our goal 
of 25 calories/kg/day was not achieved because of a con- 
servative initial approach to advancement of flow rate 
and concentration..Abdominal cramping, bloating, and 
diarrhea occurred in our early patients. Removal of vi- 
tamins and electrolytes from the formula reduced the os- 
molality and abrogated these adverse G.I. symptoms. 

The relationship of metabolic effects to the secretagogue 
properties of arginine is unclear. Arginine infusion induces 
the secretion of growth hormone, insulin, glucagon, pro- 
lactin, and somatostatin.**-*> Barbul et al. concluded that 
an intact hypothalamo-pituitary axis was essential in order 
for arginine to mediate its effects.** In our study, there 
were no significant differences between dietary groups in 
mean insulin, glucagon, cortisol, and growth hormone 


520 
levels. Because of the kinetics of growth hormone secre- 
tion, measurement of plasma somatomedin C levels is a 
better monitor of the overall effects of arginine on growth 
hormone secretion. Mean somotomedin C levels were 
significantly higher in the arginine group on Day 7 com- 
pared with the glycine group, suggesting a stimulatory 
effect of arginine on the pituitary. 

Supplemental dietary arginine has thymotrophic prop- 
erties and enhances the responsiveness of thymic lym- 
phocytes to mitogens in normal and traumatized ani- 
mals.’ Arginine augments cellular immunity, as evi- 
denced by enhanced skin allograft rejection in normal 
mice, and improves delayed hypersensitivity responses as 
well as survival in a 30% burn animal model.’ In our 
study, compared with preoperative levels, the mean pe- 
ripheral lymphocyte responses to the mitogens con A and 
PHA were significantly depressed in both arginine and 
glycine groups on the first postoperative day. The mean 
stimulation index to con A and PHA was 79% and 90% 
in the arginine group, and 70% and 87% in the glycine 
group. The arginine group demonstrated a return to base- 
line levels by Day 4, as shown in Figures 5 and 6, with a 
continued increase at Day 7 to levels above baseline. By 
contrast, mean stimulation indexes in the glycine group 
remained depressed and did not return to baseline levels 
by the seventh postoperative day. This increase in lym- 
phocyte responsiveness to mitogens is similar to the results 
of normal volunteers reported by Barbul et al.!° As shown 
in Figure 7, the per cent receptor expression for CD4 de- 


creased in both arginine and glycine groups on the first. 


postoperative day. However, in the arginine group, mean 
CD4 levels increased above baseline on Day 4 and con- 
tinued to increase on Day 7, whereas mean CD4 levels 
remained depressed in the glycine group. Other lympho- 
cyte subsets did not demonstrate any significant differ- 
ences between arginine and glycine groups at any time 
period measured. Mean monocyte-DR, which measures 
the functional capacity of the monocyte to present antigen 
to the host T-lymphocytes, was chosen for measurement, 
based on the work of Polk et al. suggesting that decreased 
levels with a slow rise or failure to rise after operative were 
predictive of sepsis.” Mean M-3 DR levels were below 
the normal range (80-100%) before the operation, and 
were perhaps associated with the study population, age, 
or malignancy. Mean M3-DR either decreased further 
after surgery or remained low throughout the postoper- 
ative period. There were no significant differences in mean 
levels between the arginine and glycine groups. The in- 
triguing possibility exists, therefore, that arginine may 
have “‘tissue-specific” properties that influence compo- 
nents of the immune system, and thus may be of value 
in clinical situations where the immune system is com- 
promised, 


DALY AND OTHERS 


Ann. Surg. « October 1988 


Ornithine shares the thymotrophic and immunostt- 
mulatory effects of arginine. It is therefore likely that they 
either share the same cellular mechanism of action or that 
arginine acts via increasing the concentration of available 


_ ornithine. Hacker-Shakin and Droge demonstrated that 


L-ornithine augments in vivo immunization against minor 
histocompatibility antigens and against tumor cells with 
a peak effect at a concentration of 0.8 mM.” Droge also 
reported that ornithine supplementation augments inter- 
leukin-2 (IL-2) production, postulating that the effect may 
be mediated by augmenting ornithine decarboxylase 
(ODC) activity in activated lymphocytes.” Thus, orni- 
thine may have a strong influence on T-lymphocyte pro- 
cesses.*! In our study, mean plasma amino acid levels 
demonstrated a nearly equimolar increase in arginine and 
ornithine concentrations in the group of patients who re- 
ceived supplemental dietary arginine. Maximum plasma 
levels obtained were 0.2-0.3 mM/L. In our laboratory, 
we have noted a direct correlation between arginine and 
ornithine concentrations and splenocyte activation by con 
A, IL-2 production, IL-2 receptor kinetics, cytotoxic T- 
cell activity, NK cell activity, and LAK cell generation. 
Recently, Hibbs et al. showed that arginine is the only 
amino acid “essential” for activated macrophage effector 
mechanisms against tumor targets. Regulation of lym- 
phocyte function may relate to changes in intracellular 
ornithine decarboxylase activity and levels of polyamines. 

These daily pharmacologic doses of arginine that were 
administered as a dietary supplement (7% of maximum 
caloric intake) were nontoxic. G.I. side effects were similar 
for the two groups. In both the arginine and glycine groups, 
mean postoperative serum urea nitrogen concentrations 
rose in a similar fashion. Finally, additional mean plasma 
amino acid levels that were measured showed no signif- 
icant differences between groups. Our level of supple- 
mentation was chosen empirically, based on the study of 
normal volunteers by Barbul et al.!° It is possible that, 
because these may be drug effects rather than nutrient 
effects, lower doses may produce similar results. 
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Last year at this meeting, we presented work showing reductions in 
serum cholesterol levels and reversal of atherosclerosis related to indi- 
vidual plasma amino acid levels.’ Arginine was the key amino acid in 
the intravenous mixture. Although at that time we reported data from 
four patients only, we have now completed studies in 24 patients, and 
arginine still remains the most important single amino acid with which 
we can correlate specific anti-cholesterol, anti-atherosclerosis effects. 

In this study, Dr. Daly has shown favorable effects of amino acids on 
some of the immunologic indices that he measured, and I hope that he 
will continue to study these effects even more specifically. He is actually 
giving “industrial strength” doses of arginine, and he observed no toxicity. 

It would be interesting to know whether outputs of arginine and other 
amino acids were measured in the urine. Plasma levels of the various 
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amino acids were measured, and rather high levels of arginine were 
achieved in the plasma—more than 400 mmol per liter, as I recall. 

In our studies, we have had difficulty raising the arginine concentrations 
higher than 200 or 250 mmol per liter, tut we were continuously ad- 
ministering the amino acids intravenously. I would like to know whether 
Dr. Daly has tried I.V. administration of these industrial strength doses 
or merely tube feedings, because obvious_y the G.I. tract and its main 
appendage, the liver, are great modulators of whatever is administered 
orally before it enters the systemic circulation and body cell mass. 

I would also like to ask whether the direct effect of arginine on the 
immunologic indices can be differentiated from an effect related to the 
stimulation of growth hormone by arginine in these studies. It did not 
seem as though growth hormone was stimulated significantly in these 
studies, and yet many other studies have shown that arginine does work 
to some extent by its stimulation of growth hormone. 
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Dr. STANLEY M. LEVENSON (Bronx, New York): I, too, congratulate 
Dr. Daly on his carefully conducted study. I would like to begin by 
placing it in historical perspective. 

I first became interested in arginine and its possible relationship to 
neoplasia in 1935 (that is, before Dr. Daly was born) because my tutor 
in biochemistry at college was Dr. George Hitchings. All of you know 
how much we as physicians and our patients are indebted to Dr. Hitch- 
ings. It was he who introduced 6-mercaptopurine and azathioprine, 
among other drugs, and helped lay the basis for the first successful kidney 
allografts that were conducted at Brigham by Joseph Murray and his 
colleagues. 

In 1935, Dr. Hitchings was working at the Huntington Memorial Lab- 
oratory, which was the Cancer Research Laboratory at the Harvard 
Medical School, and my classmate Gilber: Kotzen was working on ar- 
ginase. Now, you might be asking, “Why arginase in tumors?” 

Arginine had been crystallized in the very late 19th century and had 
been identified in mammalian tissue shortly thereafter. Soon techniques 
were available for its measurement and also for measurement of arginase. 
It was discovered that there was a fairly high content of arginase in some 
experimental tumors. Around 1930, the first study that I am aware of 
was conducted in which arginine was administered to mice with tumors 
to see what the effect might be, and surprisingly, in view of what became 
known later, the supplemental arginine was found to stimulate the growth 
of tumors. Five years later, a converse result was obtained by other in- 
vestigators. 

You will recall that it was around 1930 that Rose had determined that 
arginine was one of the dietary essential amino acids for the young growing 
rat, but not for the adult rat. It was in the late 1940s and 1950s that 
Jesse Greenstein at the NIH Cancer Institute became interested in the 
development of chemically defined liquid diets, Among his early exper- 
iments, he, Winitz, and their associates showed that arginine would 
combat ammonia toxicity, and I believe that it was our President, Dr. 
Najarian, who presented the first paper demonstrating that arginine ad- 
ministration would combat ammonia toxicity in patients with liver cir- 
rhosis. 

During the Korean War, my associates and I found that plasma arginine 
levels were low in patients with severe in‘ury. But it was not until the 
early 1970sthat, duringsome wound-healing studies, Drs. Seifter, Rettura, 
and I serendipitously discovered that supplemental dietary arginine had 
the thymotropic effect that Dr. Daly had alluded to. At that time, Dr. 
Adrian Barbul joined our group as an NIH-supported trainee in surgical 
research and the observations regarding some of the immunogenic effects 
of arginine were made. Dr. Barbul extenced these when he joined Dr. 
Efron at The Sinai Hospital in Baltimore. 

Implicit in Dr. Daly’s study, although ke didn’t state it as a purpose, 
is the possible use of arginine administraticn as an adjunct in the therapy 
of malignant tumors in patients, an effect that supplemental dietary ar- 
ginine has for certain experimental tumors in rodents. 

I have a number of questions to ask Dr. Daly. First, I have a question 
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concerning dosage of arginine used in his study. The term industrial 
doses was used by him in his presentation. This dosage is used clinically, 
but as a single dose given acutely over a 1- or 2-hour period to elicit its 
secretagogue effects. : 

When arginine is administered in this dosage daily, as it was by Dr. 
Daly, the dietary amino acid intake is terribly imbalanced. Even on 
postoperative Day 7, when the maximum total nitrogen intake was 
reached, according to my calculation, the arginine was providing about 
50% of the total nitrogen administered. Earlier in the postoperative period, 
this proportion was even greater. I would be concerned about possible 
adverse effects of such an amino acid imbalance if arginine administration 
is continued for longer periods; in particular, is it possible that the long 
continued use of such arginine administration might stimulate tumor 
growth because arginine will stimulate the growth of certain tumor cells 
in vitro, whereas arginase will slow the growth. As far as I know, we have 
no experience in experimental tumor-bearing animals treated with com- 
parably large doses of arginine. 

In terms of nitrogen dalance studies, many investigators in recent 
years have given up measuring fecal nitrogen and measure only nitrogen 
intake and urinary nitrogen, the latter often in the form of urea nitrogen 
only (in which case an assumed factor is added to simulate urinary total 
nitrogen). Fecal nitrogen is then estimated or ignored. 

I think for some studies that may be appropriate, but I think in a 
study like that of Dr. Daly, where the nutrient intake is by the gastroin- 
testinal (jejunostomy) route and the apparent difference in nitrogen bal- 
ance between the two groups is small, it would be desirable to measure 
fecal nitrogen in such pazients despite its difficulty. 


Dr. J. WESLEY ALEXANDER (Cincinnati, Ohio): Members: Dr. Daly 
is certainly to be congratulated for performing a very elegant and difficult 
clinical study, which has been lucidly presented. 

His results clearly show that dietary arginine can substantially alter 


‘immunologic and endocrinologic responses in man after surgical oper- 


ations. Such findings have implications that reach far beyond his present 
patient population inasmuch as they would help to usher in a new era 
of therapeutic intervention by manipulation of dietary composition, as 
so many people in this audience have been working on in the recent 
past. 

It is clear to me, at least, that in the near future optimal diets designed 
to achieve specific immunologic or biologic effects will be used for disease 
specific states. For example, at our institution, we have already been 
studying patients with burn injury in which arginine has been enriched 
in the diet to about half the level that Dr. Daly has used, and have shown 
that its clinical use reduces infections and shortens hospital stay. Arginine 
is an important dietary variable that could influence resistance to infec- 
tions, especially those of the intracellular variety, as well as tumor growth 
and the development of metastasis. Clearly, expanded studies in man 
should be instituted to acdress these important issues. 

With regard to the present study, Dr. Daly has shown that arginine is 
safe, but the question of effectiveness regarding outcome remains un- 
answered. 

I have several questions. Is the increased responsiveness of lympho- 
cytes to PHA and CON A associated with increased delayed type hy- 
persensitivity skin responsiveness? in other words, does it reverse anergy? 

Secondly, were you able to detect any differences in the effect of arginine 
in transfused versus nontransfused patients? That may be an important 
issue, since transfusion itself is immunosuppressive. 

In your studies, as well as others, arginine seems to have a thymotrophic 
effect and able to expand the T-dependent lymphoid masses, particularly 
the CD4 cells. Have you measured interleukin-2 production by the pe- 
ripheral blood lymphocytes or the concentration of this important me- 
diator in the patients’ serum? 

And finally, is there any danger of sensitizing the lymphoid system 
with arginine for the release of damaging cytokines? This might be sug- 
gested by high baseline counts in the lymphocyte culture, if such were 
present, and by a transiert increase in the DR expression. Perhaps these 
questions might be answered in part by prolonged administration of 
these high doses of arginine to your patients. 


Dr. JOHN M. DALY (Closing discussion): J would like to thank the 
discussants for their observations and questions. 
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Dr. Dudrick asked about urine amino acids, and specifically, arginine 
or glycine. We did not measure these amino acids, but measured total 
nitrogen balance as well as creatinine excretion. 

The question about intravenous administration of arginine is, of course, 
an excellent one. This route would allow one to avoid issues related to 
intestinal absorption. At the present time, the FDA approves intravenous 
arginine only for growth hormone stimulation tests. At present we have 
a protocol to use intravenous arginine in postoperative patients and eval- 
uate the effects on immune function. 

One of the major questions is whether or not this immune-enhancing 
effect is direct or indirect. It is clear that when arginine is given by a 
bolus, it does effect growth hormone production. We saw no changes in 
growth hormone levels in the serum. However, the kinetics of growth 
hormone secretion suggests that we might not. We did, however, see 
increases in mean plasma somatomedin C levels that are probably re- 
flective of not only the nutritional support, but of the stimulation of 
growth hormone. 

Working in our laboratory recently, Dr. John Reynolds presented data 


at the meeting of the Society of University Surgeons defining mechanisms ` 


of arginine upregulation of the immune system. He has demonstrated 
that there appears to be an upregulation of cytokine production as well 
as utilization of IL-2 and changes in IL-2 receptor kinetics on lymphocytes 
when they are preincubated in vitro with varying levels of arginine in 
the culture media. 

He has also demonstrated increased natural killer activity, increased 
lymphocyte cytotoxicity responses and increased LAK cell generation 
with IL-2 incubation, 

Dr. Levenson has asked about the dose. Our calculation is that, at 
maximum caloric intake, argining constitutes about 7% of total calories. 
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It may result in a potential plasma amino acid imbalance over a longer 
period of time. However, we have not gone beyond the 7-day period. 
Certainly within that time frame the plasma amino acids that we looked 
at were not unbalanced, with the exception of the arginine and ornithine 
levels, which were elevated. 

The effect of arginine on tumor growth is a genuine concern. However, 
it probably is somewhat dependent on the immunogenicity of the tumor, 
as we have shown in animal models using a C-1300 neuroblastoma or 
its relatively nonimmunogenic TBJ variant. We have shown that tumor 
growth is inhibited rather than stimulated with the oral administration 
of arginine. : 

The question on fecal nitrogen is a good one. The difficulties with 
measurement of fecal nitrogen is a problem with our study. Only four 
patients in the trial had diarrhea (two patients in the arginine group and 
two patients in the glycine group). In the absence of diarrhea, there was 
very little fecal output. 

Dr. Alexander asked about PHA and its relationship to delayed cu- 
taneous hypersensitivity responses. We did not measure the latter. ‘There 
is other evidence in the literature that there is a correlation between the 
two, but we did not measure DTH responses. 

The effect on transfused and nontransfused patients was very similar. 
The transfused patients, as other investigators have shown, did exhibit 
a greater suppressive effect on both CON A and PHA, but the upregulation 
by arginine was similar in both groups. 

The question of sensitizing lymphocytes is a good question, but we 
did not evaluate this in our current studies. 

Again, I would like to thank the Society for the privilege of presenting 
our work. 
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The effect that a 14-day treatment program of total parenteral 
nutrition (TPN) combined with the glutamine antimetabolite, 
acivicin, and anabolic hormone, insulin, has on carcass weight 
and muscle sparing was investigated in tumor-bearing rats. Al- 
though TPN resulted in increased carcass weight gain as com- 
pared to chow-fed tumor-bearing rats, no savings in gastrocne- 
mius muscle could be demonstrated. The combination of TPN 
with daily insulin treatment elicited significant increases in both 
carcass weight and muscle savings, with no alteration in tumor 
growth. Although combining acivicin with TPN halted tumor 
growth and increased carcass weight, the change in carcass weight 
was less than that observed with the insulin- TPN combination. 
No muscle savings were observed in the acivicin- TPN-treated 
rats. Yet when acivicin and insulin were combined with TPN, 
tumor growth was stopped, carcass weight was gained, and mus- 
cle mass was saved. Therefore, these experiments suggest that 
it is possible to add lean body tissue and stabilize tumor growth 
in rats that receive TPN through anabolic hormone treatment 
combined with an inhibitor of tumor metabolism. . 


HE METABOLIC RELATIONSHIP between tumor 

and host is complex and not completely under- 

stood at this time. However, relatively late in the 
course of disease, most patients with carcinoma become 
cachectic.! In some situations, the presence of cachexia 
may be related to anorexia; however, significant weight 
loss has been reported in the absence of obvious alteration 
in appetite. !? : 

Total parenteral nutrition (TPN) has provided a theo- 
retical therapeutic option by which patients exhibiting ca- 
chexia, and who would have difficulty withstanding major 
resection or aggressive forms of therapy, may be replen- 
ished. However, the efficacy of TPN in experimental an- 
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imals or patients with cancer cachexia has remained con- 
troversial.*° In experimental animals, the evidence clearly 
seems to show that TPN, especially with excessive 
amounts of calories and protein,.results in more rapid 
growth of the tumor’? as well as in increased mitotic 
activity of tumor tissue.!®!! Although no direct evidence 
of TPN stimulation of tumor growth in patients has been 
reported, an increased percentage of hyperdiploid cells,’' 
increased metastases,’* and shorter time to recurrence? 
suggest some increase in tumor response. Even in the ab- 
sence of direct tumor stimulation by TPN, however, the 
benefits of TPN to the host appear minimal at best.* Thus, 
the role of TPN in either replenishing the host’s lean body 
tissue or prolonging host survival remains controversial. 

Another approach to dealing with tumor-host inter- 
action has been to attempt to change the metabolic en- 
vironment, depriving the tumor of essential nutrients and 
directing these nutrients toward the host. It has long been 
known that tumors avidly consume glucose.'? More recent 
studies investigating a variety of tumor lines suggest 
that glutamine is an amino acid essential to tumor 
growth.'*-'® Previous studies have been conducted using 
insulin treatment in an attempt to prevent cancer anorexia 
and reduce the degree of cachexia.'”-!? Although there 
appeared to be some shift of the nutrient balance toward 
the host and an accompanying normalization of several 
biochemical indices of cachexia in these studies, tumor 
growth continued almost unabated, and carcass weight 
gain was minimal. In other experiments, acivicin, a glu- 
tamine antimetabolite, was used in an attempt to reduce 
tumor utilization of glutamine.!*! Although acivicin 
(Upjohn Pharmaceuticals, Kalamazoo, MI) effectively 
stopped tumor growth, no positive effect was observed on 
the host carcass. Since acivicin also elicited anorexia, any 
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dose of the drug that was successful in reducing tumor 
growth also caused significant anorexia.'© Therefore, the 
results of these studies with acivicin were a dramatic re- 
duction of tumor growth and a much depleted host car- 
cass. 

Since it did not appear to be possible to effectively use 
acivicin in rats maintained on ad libitum oral feeding, we 
continued our investigations of the effectiveness of this 
drug in tumor-bearing (TB) rats maintained on TPN. Be- 
cause our previous investigations indicated that muscle 
mass was not gained to a significant degree in acivicin- 
treated TB rats maintained on TPN," we added concom- 
itant insulin treatments to promote host anabolism. 
Therefore, the following studies were conducted in rats 
with significant tumor burdens and that were maintained 
on TPN and treated with both acivicin and insulin in an 
attempt to alter the metabolic environment in favor of 
the host. The results of these studies suggest that this at- 
tempt was successful, with tumor growth being effectively 
stopped and host muscle savings being demonstrated. 


Materials and Methods 


All data were analyzed by analysis of variance tech- 
niques, with individual means being compared post hoc 
by preplanned t-tests. 


Experiment I 


Twenty-four male, Fischer-344 rats (Charles River 
Laboratories, Wilmington, MA) weighing between 250 
and 275 g were housed individually in plastic cages in a 
temperature- and humidity-controlled vivarium under a 
12-hour light/dark cycle. After 2 weeks of adaptation to 
the environment, 18 of these rats were lightly anesthetized 
with ether, and 50-75 mg of MCA sarcoma tissue was 
implanted subcutaneously in the caudal dorsal area of 
each rat, employing a 4-mm trocar. The tumor tissue 
transplanted was provided by a tumor-bearing donor an- 
imal from our colony, which has been maintained by serial 
transplantation for over 2 years. The remaining six rats 
were anesthetized and subjected to the insertion of the 
empty trocar, and were maintained as controls. 

Sixteen days after tumor induction, when tumor weight 
as estimated from planar measurements”? with calipers 
was 10-15 g, all rats were anesthetized with sodium pen- 
tobarbital (45 mg/kg, intraperitoneal). Under aseptic 
conditions, silastic tubing (#602155, Dow-Corning, Mid- 
land, MI) was tunneled through a subcutaneous canal 
from the back skin above the scapula to the anterior neck, 
inserted into the internal jugular vein and secured with 
ligatures. In rats assigned to the TPN groups (n = 12), 
the tubing was anchored to the surface of the back skin 
with a stainless-steel anchor button (Harvard Biosciences, 
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TABLE 1. Constituents of the TPN Formula Used in the Experiments 


Percentage of Total 
Amino Acids 
Final E a 
Compound Concentration Amino Acid % 
Amino acids (FreAmine 
Ii*®)* 6.0% Isoleucine 7.2 
Dextrose 21.0% Leucine 9.3 
Intralipid 1.5% Lysine 7.5 
Vitamin and mineral 
mix 10 cc/L Methionine 5.5 
Electrolytes (K, Na, 
Mg, acetate), Ca, P, 
Cl Phenylalanine 5.8 
Trace elements (Zn, 
Cu, Mn, Cr, Se) Threonine 4.1 
Energy = 1.1 keal/ml Tryptophan 1.6 
Valine 6.8 
Alanine 73 
Arginine 9.8 
Histidine 2.9 
Proline 11.5 
Serine 6.1 
Glycine 14.4 
Cysteine 0.2 
Tyrosine 0.0 
Asparagine 0.0 
Aspartate 0.0 
Glutamate ' 0.0 
Glutamine 0.0 


* Kendall-McGaw Laboratories, Irvine, CA. 


South Natick, MA). The tubing was fed through the an- 
chor button to connect to a swivel (Harvard Biosciences). 
The other end of the swivel was attached to an infusion 
set (Critikon, Tampa, FL) and the infusion set was main- 
tained in a Holter model 903 infusion pump (Extracor- 
poreal Medical Specialties, King of Prussia, PA). Rats that 
were not to receive TPN were subjected to similar surgical 
procedures, with the exception of the silastic tubing being 
tied just above its exit from the skin, thus occluding it. 
The rats in the TPN groups were immediately transferred 
to stainless-steel metabolic cages after surgery, whereas 
all remaining rats were returned to their plastic home 
cages. 

Immediately after surgery and 4 days thereafter, normal 
saline was infused at a rate of 2 cc per hour into those 
rats that were designated to receive TPN. These rats were 
also allowed access to rat chow and water ad libitum dur- 
ing this time. After 5 days (Day 21), rat chow was removed 


_and TPN initiated. The total calories received by the 


groups receiving TPN was set at 100% of the rat chow 
consumed by an ad libitum fed control group during the 
previous day. The TPN solution contained 6.0% protein, 
21% glucose and 1.5% lipid (Table 1). 

Twenty-one days after tumor implantation, the antmals 
were divided into four groups. The animals of group 1 
(control) were allowed to eat chow ad libitum; those of 
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TABLE 2. Body Weight, Estimated Turror Weight, and Estimated 
Carcass Weight of Control Rats and TB Rats at the Initiation of 
TPN, Acivicin and Insulin Treatments (21 Days after 
Tumor Inoculation) (Mean + SEM) 


f 


Group Weight (g) 
Number Diet Total Bedy Tumor Carcass 
l (Control) Chow 286 + 3 ve 286 + 3 
2 Chow* 284 +2 i542 269 +4 
3 TPN-acivicin* 282+3 1642 266 +3 
4 TPN-acivicin- 276+ 4 16 +2 260 +4 
insulin* 
* Used in TB rats. 


Group 2 (tumor-bearing) were ellowed to eat chow ad 
libitum; those of Groups 3 and 4 were randomized for 
TPN and were tumor-bearing; those of Group 3 were 
treated with TPN and 5 mg/kg (intraperitoneal) acivicin 
every other day; the animals of Group 4 were given aciv- 
icin (5 mg/kg every other day), but they additionally re- 
ceived a daily subcutaneous injection of 20 U/kg of 
NPH insulin (Squibb Pharmaceuticals, Princeton, NJ). 
At this time, tumor weights were approximately 15-16 g, 
as estimated by planimetry, and carcass weights were not 
significantly different (Table 2). Animals were maintained 
on TPN for 14 days, at which time they were killed by 
decapitation. For each day of this experiment, body weight 
and caloric intake were determined for all rats, both by 
assessment of food intake and actual measurement of TPN 
solution administered. Every 3 days, tumor weights were 
estimated by planar measurements according to previ- 
ously published procedures,”° 


At the conclusion of this set of experiments, tumors. 


were excised and weighed, and as an index of cachexia, 
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Fi. 1. Daily caloric intake (Mean + SEM) by control and TB rats main- 
tained on rat chow, and that of TB rats maintained on TPN and treated 
with acivicin or acivicin plus insulin. 
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the gastrocnemius muscles were removed, lyophilized and 
weighed. Protein content was determined in these muscles 
according to a modification of the Lowry method,” 


Experiment 2 


In the second series of experiments, the effects of insulin 
alone on carcass weight, muscle metabolism, and tumor 
growth were ascertained in TB rats maintained on TPN. 
An additional 24 Fischer-344 male rats weighing between 
250 and 275 g were procured from Charles River Labo- 
ratories and housed as in the first experiment. Animals 
were assigned to one of four groups, with individual rats 
being randomized into six animals per group. No tumor 
was implanted in animals of the first group (control), but 
they were anethestized and subjected to the insertion of 
the empty 4-mm trocar. In the other three groups, 50-75 
mg of sarcoma were injected in the dorsal caudal area, 
using a 4-mm trocar. On Day 16, all animals were anes- 
thetized, and catheters were implanted as described above. 
Four days of saline infusion at 2 cc per hour was carried 
out in the animals in Groups 3 and 4, which were ulti- 
mately to receive TPN. In Groups 1 and 2, the catheters 
were implanted and ligated at the skin. On Day 21, TPN 
was initiated in Groups 3 and 4 at a rate that was isocaloric 
and isonitrogenous to the intake of rat chow by the control 
group during the previous 24 hours (approximately 300 
kcal/kg). The composition of this solution was identical 
to that of the first experiment and is given in Table 1. 
NPH insulin was administered subcutaneous to Group 4 
at a dose of 20 U/kg/day daily, whereas Group 3 received 
only saline injections. TPN and insulin were administered 
for 14 days. On Day 35, animals were decapitated and 
procedures were carried out as described previously. 


Results 
Experiment I 


Mean caloric intake of the various groups is presented 
in Figure 1. In this experiment, the TB rats maintained 
on rat chow exhibited a statistically significant (p < 0.01) 
decrease in food intake 32 days after tumor inoculation 
and thereafter. At the initiation of TPN and the phar- 
macological treatments (Day 21), tumor weight was es- 
timated by planimetry to be approximately 16 g (Table 
2). At the onset of anorexia in the TB rats maintained on 
rat chow (Day 32), the mean tumor weight was estimated 
to be 39 g. 

At the initiation of TPN, there was no significant dif- 
ference in mean body weight among the groups (Table | 
2). Although mean carcass weight was not different be- 
tween any TB groups, the carcass weight of each of these 
groups was lower than the mean body weight of the control 
rats due to the presence of the tumor (Table 2). Figure 2 
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Fic. 2. Tumor weight (Mean + SEM), as estimated by planimetry, of 
rats maintained on rat chow or TPN and treated with acivicin or acivicin 
plus insulin. Values for Day 35 are mean weights of excised tumors. 


presents the mean estimated tumor growth in this exper- 
iment. It is obvious that animals of the acivicin-treated 
groups experienced no significant growth of tumor mass 
during the 2 weeks of treatment. The TB rats maintained 
on rat chow, however, exhibited normal tumor growth 
during this period. These changes in tumor growth also 
influenced the growth rate of the host, as illustrated in 
Figure 3. None of the TB rats gained carcass weight as 
quickly as the non-TB control rats. Each of the TB groups 
gained static carcass weight until the last few days of TPN 
administration. Although the TB rats maintained on rat 
chow lost carcass weight, both groups of rats maintained 
on TPN exhibited increased carcass weight gain, with the 
rats of the group treated with acivicin plus insulin gaining 
the most carcass weight. At time of death, on day 35 (Table 
3), the mean carcass weights of the TB groups varied from 
263 + 8 g (with a loss of 6 g over 2 weeks) in the TB group 
maintained on chow to 292 + 4 g (with a gain of 32 g 
within 2 weeks) in the TB rats maintained on TPN and 
treated with acivicin plus insulin. The TB rats maintained 
on TPN and treated with acivicin alone gained 12 g during 
this period. These differences in carcass weight reflect the 
reduction in tumor growth (Fig. 2) and of the utilization 
of the added nitrogen and calories supplied by the TPN. 
Thus, in both groups treated with acivicin, the mean tu- 
mor weight at the time of death was identical to the values 
observed at the beginning of treatment. By contrast, the 
tumors of the saline-treated rats grew an average of 38 g 
during this 2-week period. 

In estimating the components of this gain in carcass 
weight, gastrocnemius muscle weight was assayed in all 
groups, and protein content was determined in lyophy- 
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Fic. 3. Body weight (Mean + SEM) of control rats and estimated non- 
tumor body weight of TB rats maintained on rat chow or TPN and 
treated with acivicin or acivicin plus insulin, Values for Day 35 are actual 
mean weights. 


lized muscle. As presented in Table 4, both gastrocnemius 
wet weight and dry weight were reduced significantly in 
the TB rats maintained on rat chow. The treatment com- 
bination of TPN, acivicin, and insulin significantly in- 
creased both wet and dry weights of the muscle as com- 
pared with those of the TB group maintained on rat chow. 
Although the TB group maintained on TPN and treated 
with acivicin alone was not significantly different from 
the TB group receiving TPN treated with acivicin plus 
insulin, it was also not different from the TB group main- 
tained on rat chow. Analysis of protein content of the 
muscles revealed significantly decreased protein content 
in muscles taken from the TB group maintained on rat 
chow. Protein levels in muscles taken from the TB groups 
maintained on TPN and treated with either acivicin or 
acivicin plus insulin were not significantly different from 
either the control group or the TB rats maintained on rat 
chow. 


TABLE 3. Body Weight, Tumor Weight, and Carcass Weight of 
Control Rats and TB Rats at the Conclusion of 14 Days of TPN, 
Acivicin, and Insulin Treatments (at Time of Death, 35 Days 
after Tumor Inoculation) (Mean + SEM) 


Group Weight (g) 
Number Diet Total Body Tumor Carcass 
1 (Control) Chow 307 +2 — 307 +2 
2 Chowt 31547 53+2 263 + 8 
3 TPN-acivicint oo £2 16: 2* 278 + 4 
4 TPN-acivicin- 306 + 3 5+ 292 + 4 
insulint 


* p< 0.01 vs. Group 2. 
t Used in TB rats. 
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TABLE 4. Wet Weight, Dry Weight, and Protein Content of 
Gastrocnemius Muscles Taken from Control Rats and TB Rats 
after 14 Days of TPN, Acivicin and Insulin Treatments 
and 35 Days of Tumor Growth (Mean + SEM) 


Group ` 
Wet Weight Dry Weight Protein 
Number Diet (g) (g) (mg/muscle) 
l (Control) Chow 1.79+0.01 045+001 2572417 
2 Chow§ 1.46 + 0.04* 0.37+0.01* 198+ 11f 
3 TPN-acivicing 1.59+0.05 040+0.01 235+ 13 
4 TPN-acivicin- 1.67+0.03$ 042+0.01¢ 234+ 12 
insulin§ ' 


* p < 0.01 Group 2 vs. Group i. 
t p < 0.05 Group 2 vs. Group 1. 
tp < 0.01 Group 4 vs. Group 2. 
§ Used in TB rats. 


Experiment 2 


As illustrated in Figure 4, no significant anorexia was 
observed in this experiment. At the initiation of TPN on 
Day 21, the mean estimated tumor weight was approxi- 
mately 18 g (Table 5). Aithough body weights were not 
significantly different by Day 21, the average carcass 
weights of the three TB groups were 21-31 g less than 
those of the control group (Table 5). As presented in Figure 
5, there was no significant difference in tumor growth rate 
between the three TB groups. There was, however, sig- 
nificant differences (p < 0.01) in carcass weights between 
the groups (Fig. 6), with the insulin-treated TB rats that 
were maintained on TPN gaining more carcass weight 
than either of the remaining TB groups. The rate of carcass 
weight gain by the insulin TPN group was actually higher 
than the body weight gain of the control group, allowing 
the carcass weights of insulin TPN rats to catch up with 
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Fic, 4. Daily caloric intake (Mean + SEM) by control and TB rats main- 
tained on rat chow, and that of TB rats maintained on TPN and treated 
with insulin or saline. 
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TABLE 5, Body Weight, Estimated Tumor Weight, and Estimated 
Carcass Weight of Control Rats and TB Rats at the Initiation of 
TPN and Insulin Treatments, 21 Days after Tumor 
Inoculation (Mean + SEM) 


Group Weight (g) 
Number Diet Total Body Tumor Carcass 
l (Control) Chow 283 + 6 ~~ 283 +6 
2 Chow” 271 +6 19+3 262 + 5 
3 TPN* 269 + 3 i8+1 25243 
4 TPN-Īnsulin* 269 + 4 Wel 252+4 
* Used in TB rats. 


the body weight of the control rats by the day of death. 
The saline-treated TB rats maintained on TPN also gained 


Significantly more carcass weight (p < 0.01) than did the 
TB group maintained on rat chow (Fig. 6). 


As presented in Table 6, the effects of this increase in 
carcass weight was also observed in both the wet and dry 


_ weight values for the gastrocnemius muscles. Thus, the 


insulin-treated TB group maintained on TPN had signif- 
icantly greater muscle mass (p < 0.01) than the chaw-fed 
TB rats, whose muscles were significantly smaller (p 
< 0.01) than those of the control group. Although the 
gastrocnemius muscles of insulin-treated TB rats main- 
tained on TPN were not significantly heavier than those 
of the saline-treated TB rats maintained on TPN, muscles 


. taken from this latter group of rats were not significantly 


different from those taken from chow-fed TB rats. Changes 
in protein content of the gastrocnemius muscles were 
similar to those observed in the first experiment, with the 
exception that both groups of TB rats maintained on TPN 
still exhibited significant muscle loss (p < 0.05) as com- 
pared to the control rats. 
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Fic, 5. Tumor weight (Mean + SEM), as estimated by planimetry, of 
rats maintained on rat chow or TPN and treated with insulin or saline. 
Values for Day 35 are mean weights of excised tumors. 
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Discussion 
As regards replenishing cancer patients through the use 


of TPN, two important concerns are those of avoiding © 


stimulation of tumor growth and insuring that the added 
calories and nitrogen actually benefit the host, as evi- 
denced by savings of lean tissue. In these experiments, we 
have demonstrated that tumor growth can be stabilized 
during TPN with the drug acivicin, and that muscle mass 
can be gained by the host through supplemental insulin 
treatments. Although tumor growth was not stimulated 
by TPN in this experiment, other reports demonstrate 
that increasing the calories and nitrogen in TPN can in- 
crease the growth rate ofa variety of experimental tumors.” 
Even in the absence of direct stimulation of tumor growth, 
however, few studies have demonstrated the efficacy of 
TPN in replenishing host tissues. Thus, increased muscle 
savings, reduced loss of protein, or prolonged survival has 
not been demonstrated in most experimental TPN studies. 
When carcass analysis was performed upon TB rats after 
21 days of their receiving TPN, the authors reported no 
gain in nitrogen by the host, with the increase in carcass 
weight being caused by water and fat.’ Therefore, studies 
relying upon nitrogen balance or increased carcass weight 
alone to demonstrate positive TPN effects in TB rats may 
be subject to spurious interpretation. 

Clinical studies of the efficacy of TPN in cancer have 
generally had results no more optimistic than those of the 
animal experiments. Although some clinical studies have 
reported positive outcomes of TPN—including reports of 


decreased complications and mortality in surgical patients . 


that were retrospectively stratified according to a nutrition 
index into a high-risk group,” and in patients with esoph- 
ageal carcinoma,” more recent studies have found TPN 
to have fewer benefits for cancer patients. Thus, TPN 
could not be demonstrated to add muscle mass or lean 
body tissue in lung cancer,” nor could any benefit in tu- 
mor response or host survival be demonstrated.*?> 

The more optimistic recent clinical studies suggest that 
TPN has slight positive effects in stabilizing progressive 


deterioration of cachectic patients,”° and that it may im- 


prove glucose kinetics?’ and reduce muscle catabolism, 
as evidenced by decreased urinary 3-methylhistidine.”* 
Therefore, indirect measures of protein synthesis and ca- 
tabolism suggest some degree of improvement of cachectic 
patients receiving TPN. However, significant improve- 
ment in host cachexia or increased host survival after TPN 
has yet to be demonstrated. 

A portion of the beneficial effects of TPN on protein 
turnover may be related to the induced release of insulin 
by the added nutrition. Insulin is known to stimulate pro- 
tein synthesis,’ and the results of Burt et al. indicated 
positive effects of TPN on protein catabolism only at an 
optimal, stimulated level of blood insulin.”® Plasma con- 
centration of insulin is decreased early in the development 
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| Fic. 6. Body weight (Mean + SEM) of control rats and estimated non- 


tumor body weight of TB rats maintained on rat chow or TPN and 
treated with insulin or saline. Values for Day 35 are actual mean weights. 


’ of anorexia and cachexia in TB rats’? and the therapeutic 


application of insulin in cachexia has been suggested.’ 
Administration of large doses of insulin to TB rats has 
been shown to normalize many of the biochemical indices 
of cachexia.!™-!? In the present experiments, only the 
TB groups maintained on TPN that received supplemen- 
tal insulin treatment demonstrated significant savings of 


` muscle mass. Therefore, the combination of insulin with 
‘TPN in the clinical situation might be expected to have 


similar beneficial effects. 

Although the addition of insulin appears to permit the 
host to gain carcass weight and lean body tissue, the tumor 
mass continues to grow at a normal rate, and in this model, 
animals generally died when tumors reached 60-70 mg, 
despite absence of metastases. Thus, minimal benefit may 
be expected to result from the insulin treatment alone. In 


_ this and previous studies,'> therefore, we have been com- 


bining TPN with a specific inhibitor of glutamine metab- 


TABLE 6. Wet Weight, Dry Weight, and Protein Content of 
Gastrocnemius Muscles Taken from Control Rats and TB Rats 
after 14 Days of TPN and Insulin Treatments and 
35 Days of Tumor Growth (Mean + SEM) 


Group 
rrr Wet Weight Dry Weight Protein 
Number Diet (g) (g) (mg/muscle) 
1 (Control) Chow 1.80001 0.454+0.01 401+11 
2 Chow§ 1.40 +0.07* 0.36+0.02* 321 + 23* 
3 TPN§ 1.59 +0.06 040+0.01 361 + 15t 
4° TPN-Insuling 1.65+0.04¢ 0.42 +0.01f 354+ 13} 


*p < 0.01 vs. Group 1. 
tp <0.01 vs. Group 2. 
p < 0.05 vs. Group Í. 
§ Used in TB rats, 
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olism: acivicin. In previous reports, we!’ and others!‘ 
have demonstrated that acivicin treatment effectively stops 
the growth of a variety of experimental tumor lines in 
vivo and in vitro. Acivicin, however, because it causes 
anorexia leading to host depletion, is limited in its effec- 
tiveness.'° In the present experiment, the combination of 
TPN with both acivicin and insulin appeared to be the 
most beneficial to the host. Carcass weight was gained, 
muscle sparing was evident, and tumor growth was 
stopped with this combination of treatments. Since clinical 
trials of acivicin have generally been conducted late in 
the development of cachexia and often after other regi- 
mens of chemotherapy have been used,?"? one is uncer- 
tain whether the general negative reports of effectiveness 
of acivicin therapy would be observed if the drug were 
tested earlier in the course of the disease. This point ap- 
pears particularly relevant, since acivicin does not kill tu- 
mor cells, but rather stops their growth. Therefore, a 
promising clinical application of this treatment may be 
in situations requiring TPN of cancer patients. Although 
a combination of acivicin and insulin may not be the final 
combination that one may wish to use in humans, the 
results suggest that one can deprive the tumor of needed 
metabolic nutrients, to the benefit of the host. 
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patient without feeding the tumor is still unanswered, although it appears 
that Dr. Fischer and his colleagues have gone a long way toward solving 
the problem. 

The model they use is a particularly severe one. They wait for estab- 
lished tumor growth before they begin therapeutic intervention; a situation 
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somewhat more like the clinical problem than so-called prevention ex- 
periments. 

I would like to ask about the model, however. This particular tumor 
has been maintained in the laboratory for a long time. It is now a lab- 
oratory pet that will respond just like you want it to? Does the phenom- 
enon have any relationship to other sarcomas or other tumors? Has there 
been any change in the tumor responsiveness over time? 

Also, although experiments described today were designed to answer 
specific questions and were time-limited, can you give any information 
about overall survival with this combination of treatment? 

The mechanisms of acivicin is as a glutamine antimetabolite working 
on the tumor preferentially compared to normal tissue. Why doesn’t it 
work on the normal tissue, as well? Is normal tissue less sensitive to its 
blocking effects? Why do you drive the substrates toward the normal 
tissue? 

And finally, the sarcomas are well-known metabolic factories. Does 
this therapeutic combination have any effect on tumors of other histologic 
types? 


Dr. STANLEY M. LEVENSON (Bronx, New York): I want to compliment 
Dr. Fischer on his clear and concise presentation and the striking ex- 
perimental finding he and his colleagues have made. 

As a follow-up of Courtney Townsend’s question, can you tell us what 
the gut and kidneys looked like at autopsy, and what chemical, hema- 
tologic, and histologic studies were done? 


Dr. JOSEF E. FISCHER (Closing discussion): I would like to thank the 
discussants for their comments. 

Dr. Townsend has worked with tumors for a long time and knows 
that experimental tumors may, over time, become like laboratory pets. 
One may have to rejuvenate the tumor periodically by transplanting it 
into the peritoneum, a procedure used occasionally to maintain growth 
rate and reduce necrosis. Because we at our institution have had this 
model in our laboratory for several years, we at our institution are very 
careful to ensure that this tumor line produces anorexia regularly during 
the course of the experiments. If it doesn’t, then the experiment is dis- 
carded. We do have some data on survival, and the survival experiments 
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are different because hyperalimentation of rats exceeding 2 weeks in- 
creases the likelihood of developing sepsis. The design of these experi- 
ments is to hyperaliment the rats until Day 35, after which hyperali- 
mentation is terminated and survival is assessed. 

Although the mean duration of survival in animals that receive TPN 
only is approximately 55 days, the mean survival of animals receiving 
TPN plus insulin is also approximately 55 days in this nonmetastatic 
tumor. Apparently these rats die of an energy drain. The mean survival 
of animals treated with TPN plus acivicin is about 78 days, which is 
40-50 days after all treatments have been discontinued. The mean sur- 
vival of animals maintained on TPN and treated with both Acivicin and 
insulin appears to be even longer, but those experiments are currently 
in progress because the animals have not died yet. 

Acivicin does have a particular effect on normal tissue. If you notice 
in the experiments in which TPN was administered, those animals that 
received Acivicin did not do as well in any experiment as animals that 
either received TPN alone or were merely allowed to freely feed without 
tumors. 

On the other hand, this particular tumor is a glutamine sink. In partial 
answer to Dr. Levenson’s question, there are enormous amounts of glu- 
tamine that are used, and the amino acid pattern changes. After Acivicin 
treatment, there is not only an increase in plasma glutamine, but a whole 
series of other amino acid changes, including alterations in glycine and 
serine. One also observes a drop in lactate concentration, suggesting that 
the tumor is not metabolizing glucose as quickly. There is also a whole 
series of other secondary effects that can be explained on the basis of 
these alterations in tumor metabolism. 

We have used, Dr. Townsend, other histologic types of transplantable 
tumors. They are not as well-characterized. Unfortunately, they are much 
shorter, more virulent models, and we do not have as much data on 
them. We probably will not have any data on these models, because 
with a 10-day model, one does not acutally have an opportunity to make 
any tremendous observations. Nevertheless, your point is well-taken. 

Finally, Dr. Levenson asked if we had examined the gut. Doug Wilmore 
has made us very much aware of glutamine and its role in the gut. Our 
studies revealed the gut to be a little heavier, although certainly not at 
the level of control animals. 

I thank you very much and I thank the discussants. 
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A number of disease states and therapeutic maneuvers common 
to surgical patients can result in changes in the intestinal flora, 
permitting bacterial overgrowth and translocation of bacteria to 
' gut lymphoid tissue. It is possible that these changes in gut flora 
increase portal levels of several factors that are capable of altering 


macrophage activation state, including endotoxin, lymphokines, . 


and eicosanoids. Since Kupffer cells are directly exposed to gut 
factors via the portal circulation, changes in intestinal flora may 
influence Kupffer cell responses. Using germfree rats, it has 
previously been shown that the presence of gut bacterial flora 
is important in inducing Kupffer cells to respond to endotoxin, 
and that an overgrowth of gram-negative bacteria can further 
augment Kupffer cell responses, supporting the above-mentioned 
hypothesis. The current set of experiments examines how intes- 
tinal gram-negative bacterial overgrowth in normal adult rats 
effects the response of Kupffer cells to septic stimuli. Kupffer 
cells were obtained from conventional rats with induced intestinal 
overgrowth with Escherichia coli C-s for 2 or 7 days. After 2 
days of overgrowth, Kupffer cells were only slightly less re- 
sponsive to lipopolysaccharide (LPS) than control Kupffer cells. 
However, after 7 days of overgrowth, when placed in coculture 
with normal hepatocytes, Kupffer cells were significantly more 
responsive to LPS (p < 0.001), inducing a greater degree of 
suppression in hepatocyte protein synthesis at lower LPS con- 
centrations. When cultured alone, Kupffer cells from these an- 
imals also produced more interleukin-1 (p < 0.002) and pros- 
taglandin E, (PGE) (p < 0.009) in response to LPS. These 
results show that intestinal gram-negative bacterial overgrowth 
in conventional rats can have direct influences on the response 
of hepatic macrophages to septic stimuli, and provides further 
support to the hypothesis that imbalances in the intestinal flora 
can effect the responses of immune cells in other sites of the 
body. 
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ber of factors can result in intestinal bacterial 

overgrowth, as well as in increased translocation 
of bacteria from the intestinal tract to other sites (e.g., gut 
lymphoid tissue and the liver). Among these factors are 
conditions frequently encountered in critically ill surgical 
patients, including antibiotic administration, burn 
trauma,”*° malignancy,® intestinal manipulation,’ and 
immunosuppression.® Recent attention has focused on 
the role that bacteria escaping from the gut plays in the 
pathogenesis of infections.” !! Little is known about the 
effect of intestinal bacterial overgrowth and translocation 
on macrophage function, or of its role in inducing or 
propagating organ failure. 

Kupffer cells, the fixed macrophages of the liver, are 
the largest population of tissue macrophages in the body. 
In their unique position lining the hepatic sinusoids, 
Kupffer cells are exposed directly to gut-derived products 
in the portal blood. Kupffer cells also lie adjacent to he- 
patocytes, where they might regulate changes in hepato- 
cellular function. As macrophages, Kupffer cells are 
phagocytic cells that clear the blood of circulating debris 
and are the primary site for clearance of blood-borne bac- 


F XPERIMENTAL STUDIES have shown that a num- 


-terial endotoxin.!? Yet, also as macrophages, Kupffer cells 


have important secretory functions and produce a number 
of potent inflammatory mediators in response to endo- 
toxin lipopolysaccharide (LPS) activation. Through this 
function, Kupffer cells most likely regulate the hepato- 
cellular acute phase response through the release of in- 
terleukin-1 (IL-1),!*'> tumor necrosis factor,!*!6 or he- 
patocyte stimulating factor.” Through the release of ac- 
tivation products, Kupffer cells might also contribute to 


532 


Vol. 208 « No. 4 


the hepatocellular dysfunction of organ failure in instances 
of excessive or prolonged stimulation.'®!? The gastroin- 
testinal (G.I.) tract represents a rich portal source of a 
number of factors that might influence Kupffer cell ac- 
tivation state. Potential factors include lymphokines from 
gut lymphoid tissue, which are capable of priming Kupffer 
cells for subsequent activation, ®?! prostaglandins, which 
can suppress Kupffer cell activation,*!”* and bacterial en- 
dotoxin, which can both prime and activate macrophages 
such as Kupffer cells.” Intestinal bacterial overgrowth and 
translocation of bacteria to gut-associated lymphoid tissue 
might increase portal levels of any of these factors, thereby 
influencing the function of Kupffer cells, and even of he- 
patocytes. 

Previously, we examined the role of intestinal flora in 
maintaining and modulating Kupffer cell responses in 
germfree rats.” G.I. tracts had been sterile since birth in 
these rats, and their Kupffer cells did not respond to LPS 
in an in vitro Kupffer cell: the hepatocyte coculture system. 
Short-term exposure to normal rat intestinal flora induced 
normal responses, and intestinal overgrowth with Æ. coli 
Cz; in rats that had previously been germfree resulted in 
increased Kupffer cell sensitivity to LPS, when compared 
with Kupffer cells from normal rats. Gnotobiotic animals 
provide a well-controlled model but give limited insight 
into the effects of changes in intestinal flora in conven- 
tional animals with a previously balanced intestinal flora. 
In the present study, the effects of intestinal gram-negative 
bacterial overgrowth on Kupffer cell responses to septic 
stimuli in conventional rats were examined. To determine 
changes in Kupffer cell responses, three separate secretory 
functions of LPS-triggered Kupffer cells were measured. 
These included Kupffer cell modification of hepatocyte 
total protein synthesis, Kupffer cell prostaglandin E, 
(PGE;) production, and Kupffer cell release of IL-1 all 
three in response to LPS stimulation in vitro. 


Methods 


Male Sprague-Dawley rats weighing 200-300 g (Harlan 
Laboratories, Madison, WI) were maintained in the an- 
imal care facility for 2 weeks before being used. Intestinal 
gram-negative bacterial overgrowth was induced by giving 
rats streptomycin and bacitracin (Sigma Chemical Co., 
St. Louis, MO), both at 2 ug/ml, in their drinking water 
for 4 days. On the fifth day, the rats were given antibiotic 
water to which a 1:1 volume of brain heart infusion broth 
(Difco Laboratories, Detroit, MI) overgrown with strep- 
tomycin resistant Æ. coli C}; was added. The antibiotic 
E. coli C25 water was replaced with fresh antibiotic E. coli 
C25 water daily. Parallel groups of control animals received 
tap water, and both groups were fed standard laboratory 
rat chow. 

Hepatocytes were obtained from conventional rats as 
previously described,***> using an in situ collagenase 
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Fic. 1. Method of cell culture. For coculture: Hepatocytes (HC) were 
cultured. Twenty-four hours later, liver nonparenchymal cells (NPC) 
from either control animals or test group animals were added to establish 
a coculture. The Kupffer cells (KC) were allowed to adhere for 24 hours, 
and the nonadherent cells were removed, leaving a KC:HC coculture to 
which fresh medium or endotoxin (LPS) were added. Protein synthesis 
was determined using a 4-hour pulse label with *H-leucine 20-24 hours 
after the addition of LPS. For KC culture alone: NPC were plated alone, 
allowed to adhere, washed, and then exposed to medium alone or LPS. 
Supernatants were collected 24 hours later and tested for PGE, and IL- 
1 content. 


(Sigma) perfusion. Nonparenchymal liver cells, which 
consisted of 40-45% Kupffer cells, were harvested from 
control rats and animals with intestinal gram-negative 
overgrowth for either 2 or 7 days. A Pronase digestion of 
the liver parenchymal cells was used to obtain nonpar- 
enchymal cells, as previously described,” 

Figure 1 schematically demonstrates the cell culture 
technique. For coculture, hepatocytes were cultured at 2 
xX 10* hepatocytes per well in 96-well plastic tissue culture 
trays (Costar Data Packaging) in a 0.1 mi volume. Culture 
medium consisted of Williams Medica E (Gibco Labo- 
ratories, Grand Island, NY) supplemented with antibiot- 
ics, insulin, 15 mM HEPES buffer (Gibco) and 10% calf 
serum (Hyclone Laboratories, Logan, UT). After 24 hours, 
liver nonparenchymal cells were either added to some of 
the hepatocytes or were cultured alone. The numbers of 
Kupffer cells (approximately 40-45% of the nonparen- 
chymal cells) were determined through the use of per- 
oxidase staining,” and the same numbers of peroxidase 
positive cells from each test group were added to culture 
in a.medium the same as that described above, except 
that in this case 5% calf serum was used. For coculture, 
approximately 2 X 10° nonparenchymal cells were added 
per well, whereas for IL-1 and PGE; assays, 1 X 10° non- 
parenchymal cells per milliliter or approximately 4.5 
X 10° Kupffer cells per milliliter were plated in a 1-ml 
volume on 12-well plastic tissue culture trays (Costar Data 
Packaging). After an additional 24 hours in culture, the 
nonadherent cells were removed, leaving three groups of 
cells cultured in quadruplicate on the coculture trays. 
These included hepatocytes alone, hepatocytes with Kupf- 
fer cells, and Kupffer cells alone. Using these techniques, 
we have previously shown that the adherent nonparen- 
chymal cell population consists of >90% pure Kupffer 
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TABLE 1. Cecal Bacterial Counts and Numbers of Gram-negative 
Bacteria Translocating to the MLN 


Cecal Counts (logio/g) 
Rat  — e Bacteria/MLN 
Group Gram (+) Gram(—) Anaerobe  (colonies/node) 
Control 6.60 6.64 8.64 30 
Day2 3.90 | 9.0 0.0 75.0 


Day 7 3.85 . 8.61 6.0 73,3 


The average numbers of gram-positive, gram-negative, and anaerobic 
bacteria in the ceca and gram-negative bacteria in the MLN for control 
rats and rats with induced intestinal PREDANY overgrowth 2 or 7 
days. 


cells.”! To'these cells, either fresh medium or LPS (from 
E. coli 0111:B,, Difco) was added. 

In the coculture tissue trays, total protest synthesis w was 
determined as previously described,” using a 4-hour pulse 


‘label with *H-leucine (1 uCi/well, L-4,5 titrated-leucine, _ 


5.0 uCi/mM, New England Nuclear, Cambridge, MA) in 
leucine-free minimal essential medium (MEM) (Gibco) 
20 hours after the addition of LPS. At the end of the label 
period, the cells were lysed with 1.0 N sodium hydroxide 
with 0.025% triton X-100 and the protein denatured with 
40% trichloroacetic acid. The protein was collected on 
glass fiber filter paper, using a multichannel cell harvester 
and the incorporation of *H-leucine into protein deter- 
mined by scintillation counting. Total hepatocyte protein 
synthesis in coculture was calculated by subtracting the 
counts per minute (CPM) of a parallel group of Kupffer 
cells from the CPM of hepatocytes plus Kupffer cells (cal- 
culated hepatocyte CPM = [CPM: hepatocyte and Kupffer 
cells] — [CPM: Kupffer cells alone]). Means and SEMs 
were calculated for each group in each group, and a pooled 
variance and SEM were calculated for the cocultured sta- 
tistical significance. 

Supernatants’ from the separate 12-well plates were 
- harvested 24 hours after the addition of LPS, and were 


stored at —70 C until assayed for IL-1 and PGE}. IL-1 - 


activity was determined in the supernatants, using the 
lymphocyte activating factor (LAF) assay as previously 
described.?’ The results are expressed as CPM °H-thy- 
midine incorporation as an indication of the amount of 
IL-1 activity of the cell culture supernatants. PGE, content 
in the supernatants was determined directly, using the 
specific radioimmunoassay (Seragen, Cambridge, MA). 
Triplicates of samples for each condition of each rat (using 
four control rats, with three rats for each experimental 
group) were assayed, the means were combined, and the 
SEM was determined. The students t-test was E to cal- 
culate significant differences. 

The mesenteric lymph node (MLN) and cecum were 


removed from each rat immediately after the liver was 


removed at the time of nonparenchymal. cell harvest. 
Quantitative MLN and cecal bacterial counts, as well as 
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enumeration of E. coli Cz, in the test group rats was per- 
nomics as described previously.” 


Results 


Table 1 compares the induced changes in intestinal 
bacteria in the test groups to control animals. Also shown 


. is the number of gram-negative bacteria cultured in the 


mesenteric lymph nodes (MLN) in all groups. For 4 days, 
test group animals were given oral bacitracin and strep- 


tomycin in their drinking water to suppress the endoge- 
~ nous flora and then exposed to E. coli Cas, a streptomycin- 


resistant bacteria: After 2 days of £. coli Cas administra- 
tion, there was a significant suppression of both 
gram-positive and anaerobic bacteria with a 2-3 log; in- 
crease in cecal gram-negative bacterial counts. An increase 
in the number of gram-negative bacteria in the MLN was 


‘also seen, suggesting that an increase in bacterial trans- 
_ location was associated with the bacterial overgrowth. Af- 


ter 7 days of induced bacterial overgrowth, although the 
gram-negative cecal and MLN counts remained high, 
some return of anaerobic bacteria was noted. 

Kupffer cells were obtained from the livers of control 
rats, as well as from rats that had had induced gram-neg- 
ative bacterial overgrowth for 2 or 7 days. Figure 2A shows 
the response of hepatocytes cultured alone and the effect 
of control Kupffer cells on cultured hepatocyte protein 
synthesis, both of which were in response to endotoxin 
(LPS). This model has been reported in detail previously,” 
and again shows that LPS has no effect on the protein 
synthesis of rat hepatocytes cultured alone. In the absence 
of LPS and at very low concentrations of LPS, Kupffer 
cells cocultured with hepatocytes induce an increase in 
hepatocyte protein synthesis. At critical concentrations of 
LPS, the Kupffer cells become activated to suppress he- : 
patocyte protein synthesis. Kupffer cells from rats with 2- 
day overgrowth induced similar increases and decreases 
in hepatocyte protein synthesis when compared with the 
Kupffer cells of control animals (Figure 2B). However, 
the magnitude of the suppression is slightly less for the 2- 
day test group. These findings are contrasted by the results 
obtained when Kupffer cells from rats with 7 days of gram- 
negative overgrowth were placed in the same assay. Like 
the Kupffer cells from the 2-day group, these Kupffer cells 
induced an augmentation in total hepatocyte protein, al- 


_ though the increase over control hepatocytes was less than 


that seen with the control or 2-day Kupffer cells. When 
exposed to LPS, the 7-day cells were significantly more 
responsive, inducing a greater suppression in hepatocyte 
protein synthesis, which started at a logo LPS concentra- 


tion lower than that of control rat Kupffer cells. 


All these Kupffer cell-induced modifications in hepa- 
tocyte protein synthesis occur through complicated and, 


-as yet, poorly understood mechanisms. It has been estab- 
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Fics. 2A and B. Kupffer cell induced changes in hepatocyte protein synthesis. (A) Total protein synthesis of hepatocytes (HC) cultured alone was 
not affected by the addition of LPS. When Kupffer cells (KC) from control rats were placed in coculture with HC, the expected increase in HC 
protein synthesis was seen in the absence of LPS and at low LPS concentrations. With increasing LPS concentrations, a profound suppression in 
HC protein synthesis was noted: (All results expressed as percentage of control HC protein synthesis + SEM.) (B) Compared is the effect of KC from 
control rats and rats with intestinal gram-negative bacterial overgrowth on HC protein synthesis. KC from 2-day overgrowth rats were only slightly 
less effective in suppressing HC protein synthesis than control KC. KC from rats with 7-day overgrowth were significantly more responsive to LPS, 
inducing a greater degree of suppression starting at lower LPS concentrations (p < 0.001 when 7-day group is compared with control coculture and 


HC alone protein synthesis of all LPS concentrations = 107° g/ml), 


lished that IL-1 and PGE2, important inflammatory me- 
diators produced by LPS-triggered macrophages,”*”? and 
Kupffer cells”? are not responsible for the reported co- 
culture changes (unpublished observation). As an addi- 
tional measure of Kupffer cell response to LPS, in vitro 
release of these two mediators was determined for Kupffer 
cells from control and test group animals (Table 2). As 
expected, Kupffer cells from control animals released sig- 
nificant quantities of IL-1 and PGE, when exposed to 
LPS for 24 hours. Kupffer cells from rats with intestinal 
gram-negative overgrowth of 2 days had slightly and in- 
significantly lower amounts of both IL-1 activity and PGE, 
in culture supernatants. Overgrowth for 7 days had an 
opposite and more pronounced effect, resulting in signif- 
icant increases in the release of PGE, in response to both 
the low (10 ng/ml) and high (10 ug/m!) concentrations 
of LPS, and more IL-1 released in response to LPS 10 
ug/ml. 


Discussion 


Kupffer cells are uniquely positioned between the he- 
patic sinusoids and the liver parenchymal cells or hepa- 
tocytes. Because they lie adjacent to hepatocytes, it is likely 
that Kupffer cells have important influences on hepatocyte 
function. This may be especially true where the response 
of the liver in sepsis or trauma is concerned. As macro- 
phages, Kupffer cells react to septic stimuli, such as bac- 
teria, bacterial endotoxin, and immune complexes, and 
can secrete a number of factors that are known to alter 
hepatocyte function. Known factors include IL-1,'*"!> tu- 
mor necrosis factor,’*!® hepatocyte stimulating factor," 


and PGE,.*! Several other macrophage/Kupffer cell 
products are known to be toxic to either hepatocytes or 
other cell types, such as tumor cells, under appropriate 
culture conditions. These include toxic oxygen radicals,’ 
leukotrienes,**** arginine metabolites,*> proteases,*° and 
the enzyme arginase.?’ Based on the types of agents re- 
leased by activated macrophages, a hypothesis suggesting 
a role for Kupffer cells in the induction of the acute phase 
response or in the induction of hepatocellular dysfunction 
in sepsis seems justified. 

In the past, we have presented evidence that Kupffer 
cells can indeed modulate at least one hepatocyte function: 
protein synthesis.'®°*” When placed in coculture with 


TABLE 2. Cell Culture Supernatant Levels of PGE, and IL-1 Activity 


LPS Concentration 
Assay 0 10 ng/ml 10 pg/ml 

PGE, (ng/ml) 

Control 0.47 + 0.203 1.84 + 0.413 5.49 + 1.217 

Day 2 0.46 + 0.458 1.76 + 0.504 4.52 + 0.924 

Day 7 1.17 + 0.830 4.06 + 0.765* 10.05 + 0.032+ 
IL-1 (CPM) 

Control 3537 + 412 2663 + 246 28174 + 6437 

Day 2 3412 + 72 2746 + 133 25079 + 4404 

Day 7 2498 + 74 2627 + 178 59870 + 17924 


- p < *0.03, +0.009, $0.002 when 7-day results are compared with control 
results at the same LPS concentration. 

Kupffer cells from control rats or rats with induced gram-negative 
bacterial overgrowth for 2 days or 7 days were exposed to LPS. Super- 
natants were collected 24 hours later and assayed for PGE, by radioim- 
munoassay or IL-1 activity by LAF assay. Results are expressed as mean 
+ SEM. 
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FIG. 3. Potential sources of portal factors which could augment Kupffer 
cell function. Hypothesis: Kupffer ceils represent the majority of the 
fixed macrophages in the body. They are exposed directly to the portal 
circulation, which contains any factors released into the blood by the 
spleen or the G.I. tract. Among these factors could be splenic or gut- 
derived products capable of altering Kupffer cell activation state. Shown 
are the postulated factors and their potential sources. 


rat hepatocytes, Kupffer cells augment hepatocyte protein 
synthesis so that the cocultured hepatocytes produce sig- 
nificantly more protein than hepatocytes cultured alone. 
If exposed to either killed bacteria or bacterial endotoxin 
(LPS), Kupffer cells'®?°?’ and peritoneal macrophages***8 
have been shown to induce a significant decrease in co- 
cultured hepatocyte protein synthesis. Neither killed bac- 


teria nor LPS had an effect on the protein synthesis of rat -. 


hepatocytes cultured alone. Although the mechanisms of 
the changes in hepatocyte protein synthesis remain under 
investigation, we hypothesize that the augmentation is a 
result of positive or promoting cell-to-cell interaction be- 
tween the Kupffer cells and hepatocytes, with Kupffer cells 
acting as a feeder layer to the cultured hepatocytes. The 
suppression of hepatocyte protein synthesis represents ei- 
ther Kupffer cell-induced changes in hepatocyte function 
analogous to the changes in protein synthesis seen in the 
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acute phase response, or more likely, Kupffer cell-induced 
hepatocyte dysfunction. 

From the sinusoidal side, Kupffer cells are directly ex- ` 
posed to any factors released into the portal circulation, 
some of which could theoretically influence macrophage/ 
Kupffer cell responses and activation state. Figure 3 shows 
the sources of a number of potential portal factors that 
might influence or even regulate Kupffer cell responses, 
and thereby possibly alter hepatocellular function. As a 
lymphoid organ, the spleen is a potentially rich source of 
lymphokines, which are polypeptide products of activated 
T-cells known to prime macrophages for subsequent ac- 
tivation.”° Eicosanoids derived from splenic macrophages 
include prostaglandins that are potent inhibitors of mac- 
rophage activation?” and leukotrienes that are known 
to augment macrophage monokine release.” The spleen 
could also provide a source of new or fresh liver macro- 
phages, particularly after an inflammatory insult.4! The 
G.I. tract not only contains lymphoid tissue, which could 
provide an additional source of portal lymphokines and 
eicosanoids, but is a definite source of bacteria and bac- 
terial products.** Low levels of absorbed bacterial endo- 
toxin that reach the liver are normally cleared by the 
Kupffer cells, the primary site for clearance of circulating 
endotoxin.'? Normal levels of portal endotoxin may have 
a role in maintaining an appropriate Kupffer cell func- 
tional state, whereas an excess of absorbed endotoxin 
could further prime or even directly activate the hepatic 
macrophages. Gut-derived bacterial endotoxin and bac- 
teria could also act on Kupffer cells indirectly by increasing 
portal levels of lymphokines and eicosanoids by the stim- 
ulation of the immune cells found in the rich gut-asso- 
ciated lymphoid tissue. 

We have previously presented evidence for a depen- 
dence of Kupffer cells on both splenic and G.I. factors 
for normal in vitro responses to LPS.* In coculture, Kupf- 
fer cells from splenectomized rats were less effective in 
suppressing hepatocyte protein synthesis at time points 
between 5 and 60 days after splenectomy, when compared 
with Kupffer cells from sham operated rats. These data 
suggested that the spleen provides portal factors necessary 
for normal Kupffer cell sensitivity to endotoxin. Using 
germfree rats, it was shown that gut bacteria were im- 
portant in maintaining Kupffer cell responses and that 
changes in gut bacterial content could actually influence 
Kupffer cell responses.” Kupffer cells obtained from germ- 
free rats, which have sterile G.I. tracts, had blunted re- 
sponses to LPS in coculture. After a 2-day intestinal ex- 
posure to normal rat cecal flora, Kupffer cells from these 
previously sterile animals responded to LPS in coculture 
in a manner identical to that of Kupffer cells from normal 
rats. When germfree animals were exposed to a 2-day 
intestinal overgrowth with E. coli C25, their Kupffer cells 
were not only much more sensitive to LPS in culture, but 
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appeared to be activated to suppress hepatocyte protein 
synthesis in the absence of LPS. These findings demon- 
strated that an initial exposure to gut bacteria was im- 
portant in inducing Kupffer cells to respond to septic 
stimuli and that an overgrowth of gram-negative bacteria 
in germfree rats could activate Kupffer cells and increase 
their sensitivity to LPS. 

In the current study, we report the effects of induced 
intestinal gram-negative bacterial overgrowth on Kupffer 
cell responses, using previously normal rats. Although care 
must be taken when extrapolating the results of animal 
studies to clinical medicine, the concept that gut flora can 
influence liver cell function nevertheless has clear rele- 
vance to surgical patients. Other experimental reports have 
documented that conditions that lead to intestinal bac- 
terial overgrowth or decreased immune cell function can 
result in translocation of bacteria to gut-associated lym- 
phoid tissue and other organs. These conditions include 
oral antibiotic administration, burns**° malignancy,® 
intestinal manipulation,’ and immunosuppression.® Fur- 
thermore, changes in intestinal motility and local gut 
ecology resulting from intestinal disuse, antacids, and H, 
blockers might also promote bacterial overgrowth and 
translocation. Because one or more of these conditions is 
present in a high percentage of critically ill surgical pa- 
tients, it seems likely that changes in intestinal flora are 
not only present in many of these patients, but also con- 
tribute to the clinical courses of the patients. 

Our experimental results show that short-term bacterial 
overgrowth in conventional, healthy rats results in only 
a slight decrease in IL-1 and PGE, released by cultured 
Kupffer cells. These minor changes could be explained 
by increased portal levels of prostaglandins, resulting from 
endotoxin or bacterial stimulation of gut immune cells. 
Prostaglandins can suppress macrophage responses to ac- 
tivating agents.” These minimal changes in Kupffer cell 
responses in conventional rats are at variance with our 
results using germfree rats.” In germ-free rats, after only 
2 days of E. coli Cs overgrowth, Kupffer cell responses 
were markedly enhanced. After an initial exposure to a 
gut bacteria, it may be that the immune system is primed 
to more closely regulate macrophage responses to prevent 
minor changes in intestinal flora from “‘turning on” or 
inhibiting the immune response. Therefore, because of 
an augmentation in the gut immune response resulting 
from previous and continuous bacterial exposure, the 
major changes in Kupffer cell responsiveness induced by 
short-term overgrowth in germfree rats may not be seen 
in conventional rats. 

After prolonged intestinal gram-negative bacterial 
overgrowth in these experiments, significant and pro- 
nounced changes in Kupffer cell responses were observed. 
Kupffer cells obtained from conventional rats that had 
had E. coli C2; overgrowth for 7 days were more respon- 
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sive, inducing a greater degree of suppression in hepatocyte 
protein synthesis at lower LPS concentrations in coculture, 
and producing more IL-1] and PGE, in response to LPS 
when cultured alone. Since neither IL-1 nor PGE; are 
responsible for the suppression seen in coculture (unpub- 
lished observation), the results show that-at least three 
separate secretory functions of Kupffer cells are modified 
by intestinal bacterial overgrowth. This effect may be due 
to increased portal levels of lymphokines, released into 
the portal circulation by stimulated T-cells found in the 
gut lymphoid tissue. The lymphokine could prime the 
Kupffer cells for activation by lower LPS concentrations. 
Increased levels of portal endotoxin could also act to prime 
the Kupffer cells.” Major inflammatory insults have been 
shown to result in Kupffer cell proliferation and recruit- 
ment of new macrophages into the liver.*'** These new 
hepatic macrophages have enhanced respiratory burst ac- 
tivity as compared with resident Kupffer cells.“ Therefore, 
another explanation for the increased responsiveness is 
that prolonged intestinal bacterial overgrowth could have 
resulted in the recruitment of new, more responsive mac- 
rophages. However, greater numbers of hepatic macro- 
phages were not obtained from the rats with intestinal 
bacterial overgrowth (data not shown), suggesting that 
bacterial overgrowth was not accompanied by a significant 
increase in the numbers of hepatic macrophages. The ef- 
fect of prolonged bacterial overgrowth on Kupffer cell 
responses is most likely the result of a number of factors 
or processes that evolve over time, resulting from the direct 
and indirect effects of increased gut and portal vein levels 
of gram-negative bacteria and endotoxin. Direct mea- 
surement of factors in the portal blood during intestinal 
bacterial overgrowth would be an obvious means of ad- 
dressing this question. 

This study demonstrates that intestinal gram-negative 
bacterial overgrowth can effect Kupffer cell function and, 
as we have shown, Kupffer cells modulate hepatocyte 
function. Therefore, sustained intestinal bacterial over- 
growth that induces exaggerated Kupffer cell responses 
after a septic stimulus is likely to influence hepatocyte 
function, and may even contribute to hepatocellular dys- 
function. Prolonged intestinal bacterial overgrowth could 
play a role in liver dysfunction by providing a continual 
source of Kupffer cell priming or activating substances. 
Excess gut-derived endotoxin might not only effect the 
macrophages of the liver, but the lungs and kidneys, as 
well, through the escape of endotoxin or Kupffer cell 
products from the liver to these other organs. The in- 
creased Kupffer cell production of IL-1 and PGE, resulting 
from intestinal gram-negative overgrowth may parallel 
increases in the release of other important mediators (i.e., 
tumor necrosis factor), all of which can have local as well 
as systemic effects. Increased release of these mediators - 
by macrophages promoted by bacterial overgrowth could 
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amplify the systemic response of sepsis. In cases where 
the underlying disease has been controlled or is not ap- 
parent, the contribution of gut bacteria in multiple organ 
failure remains to be determined.* It is possible that the 
reported beneficial effects of early enteral feeding** is due, 
in part, to a maintenance of balance intestinal flora and 
intact G.I. defenses, preventing bacterial overgrowth and 
translocation. Furthermore, intentional suppression of gut 
gram-negative bacteria could, at least theoretically, be of 
benefit by removing an endogenous portal source of bac- 
terial endotoxin in already critically ill patients. There is 
an obvious need for more experimental studies and clin- 
ical trials to determine the benefit of such therapeutic 
maneuvers, 
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DISCUSSION 


Dr. THOMAS K. HUNT (San Francisco, California): I am reminded 
that, many years ago, Dr. J. E. Dunphy addressed the New England 
Surgical Society with an address entitled, “Fibroblasts: A Ubiquitous 
Ally for the Surgeon,”! with the emphasis on the “for.” 

He discussed the ways to encourage cooperation of fibroblasts, and 
we have subsequently learned that fibroblasts march to the beat set by 
macrophages, which release various substances including interleukin-1! 
and TNF. These have both constructive and destructive properties. 

The authors have nicely dissected several aspects of a much broader 
set of processes. Intestinal bacteria no doubt affect macrophage function 
in the liver, perhaps by escaping into the liver or perhaps by modulating 
lymphocytic activity in the gut, and although I find nothing to quarrel 
with in this respect, I maintain a certain reservation based on the fact 
that, after measurements were made over 2~7 days, an acute upregulation 
of Kupffer cells was observed. I wonder whether they have any longer- 
term data. How long does it take to achieve this upregulation, and are 
there any down-regulatory effects that occur after that? 

In addition, I am reminded of classical papers by members of this 
Society in which bacterial LPS and other related materials, such as tho- 
rotrast, have decreased sensitivity of the liver to agents that would induce 
septic shock, and I wonder how the present data comport with these 
classical studies on what used to be called the reticuloendothelial system. 
Those agents used to desensitize that system are now known largely to 
be macrophage stimulators. 

I would also like to ask how these data impact upon new observations 
that suggest that temporary sterilization of the gastrointestinal tract can 
reduce the susceptibility to infection, and whether these are counteractive 
effects or not. 

Lastly, Dr. Dunphy was thinking biologically when he used that title 
“Ubiquitous Ally for the Surgeon.” He meant to imply that fibroblasts 
could be turned into allies if treated properly, and subsequent knowledge 
suggests that macrophages can be turned into allies, as well. In my opinion, 
this work is important in showing that a number of surgical horizons 
can very easily be set back if we learn how to turn these cells into allies, 
and in showing that we may be able to alter the incidence and other 
undesirable problems, particularly after trauma. 
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Dr. J. WESLEY ALEXANDER (Cincinnati, Ohio): Thank you again for 
the privilege of discussing this interesting paper. 

(Slide) In 1984, we presented this organization with a study that showed 
that thermal injury is associated with a profound reduction in the intes- 
tinal mucosal mass, but also that this could be prevented by early enteral 
feedings. The degree of rise in the catabolic hormones was inversely 
related to the degree of mucosal atrophy. Furthermore, the hypermet- 
abolic response of burn injury was prevented by early feeding. This led 
us to hypothesize that translocation of bacteria and/or endotoxin through 
the atrophied mucosa was the trigger for the hypermetabolic response 
and that this involved complement activation and activation of mac- 
rophages, a hypothesis that closely parallels the findings of the current 
report. 

Subsequent studies using Candida albicans showed that such organisms 
translocate directly through the mucosa to enter the lamina propria, 
where they are taken up by macrophages and transferred primarily to 
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parvum elicited hepatic macrophages demonstrate enhanced re- 
spiratory burst activity compared with resident Kupffer cells in 
the rat. Gastroenterology 1986; 91:174~181. 

45. Goris RJA, te Boekhorst TPA, Nuytinck JKS, Gimbrere JSF. Mul- 
tiple-organ failure: generalized autodestructive inflammation? 
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the germinal centers where they can subsequently be cultured. This is 
consistent with studies reported to this organization by Dr. Deitch' and 
by Dr. Carol Wells’ collaborators in this study. 

All of these studies closely parallel and complement those of Dr. Billiar 
and his colleagues, whose findings add to the growing body of evidence 
that suggest a major role for the intestine in regulation of metabolic and 
immune responses after injury. 

In particular, the investigators’ findings help to explain both acute 
phase responses and injury as well as the development of liver failure 
and dysfunction. They are to be greatly complimented for their continuing 
series of major contributions in this field. 

Many other questions remain to be answered, and perhaps the authors 
have already studied some of these. For example, how was the production 
of TNF effected by intestinal overgrowth and translocation? Were the 
livers of the animals changed morphologically after 7 days of overgrowth, 
as might be expected, and were there changes in serum proteins to support 
their hypothesis derived from the in vitro study? 

Finally, it seems curious that endotoxin would increase in the release 
of both PG2 and interleukin-1, because these are counterregulatory. Could 
either PG2 or interleukin-1! be specifically suppressed in vitro? For ex- 
ample, is interleukin-! production effected by the addition of PG2 in 
their cultures? 

I certainly enjoyed their presentation. Thank you. 
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Dr. STANLEY M. LEVENSON (Bronx, New York): I would like to ask 
Dr. Billiar and Dr. Simmons whether they would have predicted the 
observation that they made. It was discovered by Markley at NIH in 
either the 1950s or 1960s that the germ-free mouse is more resistant to 
exogenous endotoxin than the ordinary conventional mouse. 


Dr. JOHN R. BORDER (Buffalo, New York): This is a paper of fun- 
damental biologic importance in the elucidation of wound biology. We 
all know of the extensive interactions in the wound of the naieve lym- 
phocyte-monocyte and the activated lymphocyte-macrophage couple. 
Unfortunately, these interactions are very much hidden from view by 
the factors that intermingle these cells and, except for carefully controlled 
communication, isolate their effects from the systemic body. 

By contrast, in the gut-liver system, a relatively pure preparation of 
Kupffer cells and hepatocytes inhabitate the liver. The products of these 
cells have relatively easy access to systemic blood via the space of Disse 
and sinusoidal fenestrations. In this system, the major lymphocyte pop- 
ulation resides in the spleen and in several different populations in the 
gut. The lymphokines are then delivered to the hepatic Kupffer cell via 
the portal blood stream from both the gut and the spleen. We still have 
the problem of a residual monocyte macrophage population in the spleen 
and the gut; nevertheless, the basic elements of the system are largely 
separated, and in addition, we have the hepatocyte as an index cell. The 
gut-liver system has as its major goal prevention of entry of bacteria and 
toxins from the gut to the systemic body. It is therefore highly sensitive 
to the presence of various bacteria and toxins in the gut. This sensitivity 
rests on the membranous epithelial cell that provides controlled access 
of gut bacteria and antigen to the Peyers patches and on the general 
mucosa-submucosa population of lymphocytes and monocytes, which 
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most likely detect entry of bacteria and tcxins through abrasions in the 
gut mucosa. 

The essence of this system is not only that it detects entry of bacteria 
and toxins through the gut wall and by various mechanisms clears them 
so that they do not enter the systemic body, but also that it activates a 
whole series of cytokine-catabolic neuroendocrine mechanisms, which 
then lead to repair of the gut wall abrasions. 

Drs. Billiar and Simmons have taken advantage of this basic system 
to produce their report. As might be expected, there is considerable dif- 
ference in Kupffer cell activation for a given endotixin dosage for the 
germ-free rate relative to the rat monoccntaminated with the pathogen 
E. coli, with normal rats somewhere in between. Splenectomy also reduces 
the activation state of the Kupffer cell. I: may well be that the problem 
with postsplenectomy sepsis is based on a decreased state of Kupffer cell 
activation resulting from decreased delivery of splenic lymphokines and 
monokines, and not on any product unique to the spleen. 

This is a most interesting paper, presenting great possibilities for re- 
solving a number of questions relating to lymphocyte monocyte matu- 
ration and the interactions of these cells with other tissue cells. 


Dr. CHARLES L. WITTE (Tucson, Arizona): I wish to address one 
aspect of splenic activity regarding the imaginative concept that has been 
proposed. The authors may have provided a subtle clue to the age-old 
question as to why the spleen preferentially resides in the portal system 
and to the role it plays in favorably influencing hepatic function. For 
too long, physicians have been preoccupied with the overwhelming post- 
splenectomy sepsis syndrome that is perhaps the most notorious example 
of splenic dysfunction, Indeed, it has been mistakenly proclaimed that 
if one merely provides soluble pneumococcal vaccine and prophylactic 
penicillin, the need for a spleen can be circumvented. I suspect, however, 
that we have thus far just scratched the surface as to what splenic function 
really entails, and this paper describes Kupffer cell function that depends 
on an intact spleen, and which may have broad clinical ramifications. 
For example, individuals who travel to Africa or even to certain areas 
in the United States where there are pérasitic diseases such as babesiosis, 
trypanosomiasis, kala-azar, or leishmariasis may be unusually susceptible, 
if spleenless, to these and other uncommon infections. 

Briefly, I would like to show several slides that illustrate how one can 
enhance Kupffer cell function in spleenless hosts that tend to support 
the authors’ contention that in the absence of a spleen, Kupffer cell 
activity is diminished. 

(Slide) Some years ago, we designed an experimental model in asplenic 
rats that included decomplementation with cobra venom factor and which 
rendered the rat highly sensitive to a tiny dose of blood-borne pneu- 
mococci. The sham rat or the rat wit; an intact spleen, by contrast, was 
immune to this small pneumococcal challenge. In order to boost the 
hyposplenic host, we administered the immunomodulator Corynebac- 
terium parvum, which notably increases spleen size while raising the 
number of nucleated cells in the splenic remnant. Although this agent 
increased survival of the hyposplenic rat to pneumococcal challenge, the 
protective response had nothing to do with its splenotropic effect. This 
slide contrasts what happens when an asplenic rat is challenged with 200 
pneumococci after decomplementat:on. The sham with an intact spleen 
with or without C. parvum survives, whereas the splenectomized rat 
without C. parvum quickly succumts to fulminant pneumococcal sepsis. 
With asplenia, however, before pneumococcal challenge, administration 
of C. parvum restores the host to a near-normal state as the survival 
curve approaches that of the sham rat. In other words, C. parvum sub- 
stituted for the spleen or was splenomimetic. 

(Slide) Similarly, with a high-dos2 adminstration of pneumococci, the 
same tendency as that which occurs after C. parvum use is observed. In 
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this circumstance, however, many of the sham rats die because this 
pneumococcal dose (10°) is a large insult, even for a rat with an intact 
spleen. 

(Slides) The next two slides simply show that this splenomimetic effect 
of C. parvum holds true over a wide range of partially splenectomized 
rats where the survival rate approaches that of the sham or normal. 

(Slide) This slide shows that this C. parvum response again holds true 
in the high-dose range. 

These experiments demonstrate that C. parvum, an immunoadjuvant 
known to enhance fixed (for example, Kupffer cell) and circulating mac- 
rophage function can substitute for the spleen and is therefore splen- 
omimetic. The findings also support the authors’ concept that, without 
a spleen, Kupffer cell function is deranged, and for purposes of pneu- 
mococcal sepsis, this deficiency can be corrected with use of C. parvum. 

I have one question. Is it possible that in the splenomegaly of portal 
hypertension there is a reciprocal interaction with the diseased liver to 
account for the reticuloendothelial hyperplasia in these pathologically 
enlarged spleens? In other words, can diminished Kupffer cell activity, 
as in cirrhosis of the liver, turn the spleen macrophage system on? 


DR. TIMOTHY R. BILLIAR (Closing discussion): I would like io thank 
the discussants for their kind and insightful comments. 

In response to Dr. Hunt, we do nto have any long-term data on the 
effects of intestinal bacterial overgrowth, It is a little difficult to induce 
gram-negative overgrowth for a long period of time because resistant 
strains crop up and the anaerobic and gram-positive bacteria eventually 
find their way back into higher counts. In terms of the refractory responses 
of macrophages to LPS and whether or not this may play a role in what 
we have seen, it is known that if macrophages are exposed repeatedly to 
low concentrations of endotoxin, they become refractory to subsequent 
stimulation. That may be what we are seeing 2 days after overgrowth, 
where the Kupffer cells are slightly less sensitive to endotoxin. It is also 
known that this decreased responsiveness can be overcome to exposure 
to lymphokines such as gamma interferon. Therefore, with prolonged 
overgrowth there may be stimulation of lymphokine production and the 
refractoriness might be overcome. 

We have not measured portal levels of these factors, which, of course, 
would give some clue as to what exactly is occurring. 

In response to Dr. Alexander, we have certainly considered measuring 
TNF and plan to do so in the future. Grossly the livers appeared unef- 
fected. We have not measured serum proteins, which, of course, would 
correlate with our hypothesis if the expected results were obtained. 

In response to Dr. Levenson, it is known that macrophages from germ- 
free animals are hyporesponsive to endotoxins and exposure to some 
quantity of endotoxin is required to generate an initial response. If the 
macrophage can be seen as a central mediator, not only in the response 
to sepsis, but also in the induction of organ failure syndrome as recently 
suggested by Dr. Border in an editorial in the “Archives of Surgery,’”! 
then the lack of responsiveness may in fact promote the survival of the 
animal. 

In response to Dr. Witte’s question on the splenic enlargement, it is 
known that Kupffer cells from cirrhotic patients and also from patients 
with hypersplenism have decreased function. This may be due to an 
excess of factors, such as prostaglandins from the spleen. If there were 
an excess of prostaglandins in the portal vein, this might possibly down- 
regulate the heptic Kupffer cell response. 
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issue, Ads received after the 15th will run in the next available 
issue. 





ANNOUNCEMENT: Baylor University Medical Center Dallas, 
Texas. “Oncology Practice 1989: A Perspective on Breast Cancer.” 
3rd Annual Conference, Sncwmass, Colorado, January 29- 
February 3, 1989. For further information, contact: Stephen E. 
Jones, M.D., Charies A. Sammons Cancer Center, Room 4800, 
Baylor University Medical Center, 3500 Gaston Avenue, Dallas, 
Texas 75246. Phone: (214) 820-2021. 


BC/BE General Surgeon—TIo join 4 general surgeons at a large 
multispecialty group in Santa Barbara. Affiliated with 450-bed acute 
care hospital with an approved surgical residency program. Excellent 
living environment, salary and benefits. Send CV to: Barbara Volk, 
Santa Barbara Medical Foundation Clinic, P.O. Box 1200, Santa 
Barbara, CA 93102. EOE. 


CHAIRMAN, DEPARTMENT OF SURGERY—The College of 
Medicine, University of Tennessee, Memphis, seeks applications for 
the position of Professor and ‘Chairman of its Department of Surgery. 
The department is located on the campus of one of the nation’s 
largest health science centers and consists of the divisions of general, 
cardiothoracic, peripheral vescular and plastic surgery. Major clinical 
and research programs exist in transplantation, trauma and burns. 
Candidates should hold the M.D. degree or equivalent, and be board 
certified in Surgery, have strong credentials in education and research 
and be capable of providing vigorous academic leadership for the 
further growth and development of this major clinical department. 
Candidates are requested co submit a curriculum vitae and names 
and addresses of three references no later than November 1, 1988 
to Clair E. Cox, M.D., Chairman of the Surgery Advisory 
Committee, The University of Tennessee, Memphis, College of 
Medicine, 800 Madison Avenue, Memphis, Tennessee 38163. As 
an Equal Opportunity Employer, The University of Tennessee, 
Memphis is committed to an aggressive affirmative action effort. We 
_ urge qualified minority candidates to apply. 


DIRECTOR OF SURGERY—Excellent opportunity for individ- 
ual with demonstrated record of clinical, administrative, and 
academic achievement who is committed to delivery of patient care 
service in a community hospital setting. Will be responsible for the 
operation of patient care programs, supervision of attending 
physicians and other staff, supervision of a residency program, and 
the overall organization and administration of the clinical service. 
Must be Board Certified and eligible for a faculty appointment at the 
medical school. Woodhull Medical and Mental Health Center is a 
modern 500+ bed hospital located in Brooklyn, convenient to 
downtown Manhattan, with an academic affiliation with SUNY 
Health Science Center at Brooklyn. We offer a competitive salary 
and an excellent benefit and leave package. For consideration send 
CV to: Director of Personnel, MEDICAL ASSOCIATES OF 
WOODHULL PC, 760 Broadway, Brooklyn, NY 11206. Equal 
Opportunity Employer M/F/H/V. 





GENERAL SURGEON: BC/BE surgeon to join another in well- 
established HMO practice in south suburban Boston. Competitive 
salary and benefits. Send curriculum vitae to: Director of Physician 
Recruitment, Medical East Community Health Plan, 45 Bristol 
Drive, South Easton, MA 02375, (508) 559-7250. We are an 
Equal Opportunity/Afirmative Action Employer. 





GENERAL SURGEON---Challenging opportunity awaits physi- 
cian to expand development in General Surgery Department in 39 
physician multi-specialty clinic. Must be Board Certified. Ambula- 
tory Surgical Treatment Center adjacent to clinic. Average physician 
caseload as follows with expected growth: 290 major cases/year and 
270 minor cases/year. Level II trauma center imminent at hospital. 
Opportunity exists for affiliation with Southern Illinois University 
Medical School. Minimal capital investment with equity for future. 
Flexible compensation package with generous fringe benefits 
including health and disability insurance, vacation, CME leave, and 
profit sharing retirement plan. Fee-for-service plus prepaid HMO. 
Population 28,000 plus 25,000 SIU students. Contact: William R. 
Hamilton, M.D., Medical Director, Carbondale Clinic, 2601 
West Main Street, Carbondale, IL 62901 or call (618) 549-5361. 


GENERAL SURGEONS--Newly established prepaid group 
practice desires to begin offering general surgery services. Looking 
for general surgeons interested in establishing and building a 
department. Physicians must be from high quality residency 
programs or have significant practice experience. Positions availatle 
immediately and for 1989. Address C.V. to: Phyllis M. Kline, 
Physician Recruitment Coordinator—ANS, Carolina Perma- 
nente Medical Group, BA., 3120 Highwoods Blvd., Raleigh, 
N.C. 27604-1018. 


GENERAL/VASCULAR SURGEON—North Carolina, New 
Jersey, and Nationwide Opportunities. BE/BC. Dr. Len Goodman, 
SMA, P.O. Box 25786, Charlotte, NC 28229, 704-536-2527. 


HAWAII/GENERAL SURGEON—Board  certified/eligible 
general surgeon with or without vascular subspecialty traming 
needed to join a large pre-paid multispecialty group in Honclulu. 
Competitive salary and excellent fringe benefits. Applicants from 
high quality residency programs will be considered. Send CV to: 
Hawaii Permanente Medical Group, Inc., 3288 Moanalua Road, 
Honolulu, HI 96819. An equal opportunity employer. 





KANSAS, SURGEON: We are seeking a general surgeon inter-. 

ested in a full-time private practice opportunity in the greater Kansas — 
City area. For additional information, please send current CV to Kim 
Weaver, Emergency Medical Services, 3101 Broadway, Suite - 


- 1000, Kansas City, Missouri 64111; or call 1-800-821-5147 or 


816-561-1025. 


PEDIATRIC SURGEON—East Tennessee State University Col- 
lege of Medicine is seeking a Director of the Division of Pediatric 
Surgery and an additional pediatric surgeon for immediate appoint- 
ment to the faculty. Rapidly growing active clinical practice covering 
a referral base of over one million people and research opportunities. 
Full faculty benefits and insurance coverage, competitive salary plus 
no-cap faculty practice plan. Pleasant living conditions in growing, 
economically healthy, picturesque Appalachian region of Upper East 
Tennessee with close access to lakes, mountains and southern ski 
areas. Interested Board Eligible/Board Certified individuals are 
invited to send current CV to Barbara O. Kimbrough, M.D., 
Interim Chairperson, ETSU Department of Surgery, Box 
19750A, Johnson City, TN 37614 or call (615) 929-6268, ETSU 
is an affirmative action/equal opportunity employer. Employs only 
USS. citizens and aliens authorized to work in the United States. 


SURGERY: GENERAL—well established 2-man general surgical - 


practice in rural Central Wisconsin seeking third BC/BE surgeon. 
Challenging broad-based surgical practice combined with attractive 
lifestyle. Area abounds with outdoor activities. Send CV to: Berlin 
Surgical Associates, PRO. Box 20, Berin, WI 54923 (414) 361- 
4306. 


VASCULAR SURGEON—Board certified/eligible vascular sur- 
geon needed to join 300 physician multi-specialty group in 

Sacramento, CA. Competitive salary and excellent fringe benefits. 
Ninety miles fro Sierra skiing and San Francisco. California license 
required. Send curriculum vitae to: Mrs. Carolyn Whelan, The 
Permanente Medical Group, Inc., 2025 Morse Avenue, Sacra- 
mento, CA 95825. EOE. 


VERMONT: The University of Vermont College of Medicine 
invites applications for the position of Chairman of the Department 
of Surgery. This department includes sections in general and 
cardiothorasic surgery, neurosurgery, urology, ophthalmology, ENT, 
plastic surgery, pediatric surgery and anesthesia. Candidates should 
be Board Certified in general surgery or a surgical subspecialty, or 
possess a comparable certification. The candidate must have strong 
leadership skills, proven clinical expertise, documented commitment 
to research and teaching and administrative experience. Applications 
from women and minority candidates are encouraged. Contact: 
Carol Phillips, M.D., Surgery Search Committee Chairman, 
Department of Pediatrics, University of Vermont, Burlington, 
VT 05405. 


This Publication 
is available in Microform. 


University Microfilms International 


Please send additional information 
for 
tname uf pebhtcunon) 
Name 
Institution. 
Stree 
City 
State__ sZt 
300 North Zeeb Road. Dept. P.R.. Ann Arbor, Mi. 48106 













STRAUB CLINIC & 
HOSPITAL 
HONOLULU, HAWAII 


BE/BC general surgeon for summer °89 to join 
regional satellite of 15 Straub physicians in new 
medical office building and new hospital. 


Straub is a 130-physician, multi-specialty group with 
our own 162 bed hospital and 7 satellites on the 
island of Oahu. 


Salary first year; equity participation possible after 
two-year associate period. Comprehensive fringe 
benefits. Combine the advantages of group practice 
with the pleasures of America’s best climate, year 
round leisure activities, and culture diversity. 


CONTACT: 

Alan B. Hawk, M.D. 

MEDICAL DIRECTOR 
STRAUB CLINIC & HOSPITAL 
888 S. KING STREET 
HONOLULU, HAWAII 96813 
(808) 522-4106 





SURGICAL ONCOLOGY 
FELLOWSHIP 
UNIVERSITY OF CHICAGO 


Available July 1, 1989, Candidates must be 
Board eligible in General Surgery or surgical 


subspecialties. Call or write: 


Fabrizio Michelassi, M.D. 
The University of Chicago 
Medical Center 
Department of Surgery (Box 168) 
5841 South Maryland Avenue 
Chicago, Illinois 60637 
(312) 702-6237 


Deadline for application: December 31, 1988 
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SAVE AND PROTECT | 
YOUR COPIES 

With Custom-Made 

Cases and Binders 


rganize and keep copies o` this publication 
O readily available for reference with custom- 
made, titled cases and binders. Whichever you 
choose, you'll have a storage system that's durable 
and well organized to help protect your valuable 
copies from damage. 

Each designed to hold a year's issues (may vary 
with issue sizes) « Constructed of heavy reinforced 
board covered with durable leather-like material with 
title hot-stamped in gold « Free personalization foil 
for indexing year » Cases V-no-ched for easy 
access » Binders have individual rods which allow 
issues to be fully opened for eesy readability. 

Cases: 1-$7.95 3$21.95  6$39,95 
Binders: 1-$9.95 3-$27.95 6-$52.95 
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Be sure to indicate title in space provided below 


Jesse Jones Industries, Dept. JBL 
499 East Erie Avenue, Philadelphia, PA 19134 


Please send cases: binders for 








name of publication 
(clearly print journal title) 


Enclosed is $ Add $1 per case/binder postage and 
handling. ' 
Outside USA $2.50 per case/binder. 
(US funds only.) 

Charge my: {Minimum $15) 

0 American Express [0 Visa O Mastercard © Diners Club 

Card# CCE X=, Date 

Charge Orders: Call TOLL FREE 7 days, 24 hours 

1-800-972-5858 

Print Name 

Address 





No P.O. Box Numbers 
City/State/Zip | 
PA residents add 6% sales tax . 
SATISFACTION GUARANTEED JBL87 
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maintaining professional competency 


CANCER 


A Journal of the American Cancer Society, Inc. 
Jonathan E. Rhoads, M.D., Editor 


Nearly 21,000 physicians worldwide turn to Cancer for the latest 
information on the progress being made in the study and treatment of 
cancer. Twice each month this unique and highly informative journal 
publishes original articles covering the full range of concerns related 
to the diagnosis and treatment of the various forms of cancer. It 
covers such topics as surgical and medical treatment, pathology, 
statistics, education and experimental work. Published twice monthly. 
$75.00 per year in the U.S.A. 


Diseases of the Colon & Rectum 


Official Journal of the American Society of Colon and Rectal 
Surgeons and the International Society of University Colon 
and Rectal Surgeons 


Robert W. Beart, Jr., M.D., Editor-in-Chief 


This distinguished journal publishes reports on contemporary practice 
in the diagnosis and management of proctologic diseases and 
surgery. International in scope, it includes articles from physicians 
worldwide who share their important discoveries. Articles offer new 
insights into basic research in metabolism, pathology, virology, 
radiology, and the clinical practice of medicine and surgery. Published 
monthly. $80.00 per year in the U.S.A. 


OOE 


A 70488 KL 


Annals of Surgery 


Official Publication of The American Surgical Association, 
The Southern Surgical Association, Philadelphia Academy of 
Surgery, and the New York Surgical Society 


David C. Sabiston, Jr., M.D., Chairman, Editorial 
and Advisory Board 


Annals of Surgery—the world’s oldest exclusively surgical journal— 
has provided the medical community with reports on significant 
contributions to the advancement of surgical science and practice for 
over 100 years. Its 20,000 subscribers find it a practical way to keep 
up-to-date with important developments in surgery. Published 
monthly. $59.00 per year in the U.S.A. 


Accomplishments in Oncology 
Joseph G. Fortner, M.D., Editor-in-Chief 


Each year, the General Motors Cancer Research Foundation grants 
three awards to outstanding men and women for their accomplish- 
ments in cancer research. The Foundation also awards each of the 
prizewinners a grant to conduct a roundtable discussion on a subject 
and in a style chosen by the laureate. This hardbound series provides 
an exclusive account of each special meeting—authoritative, timely, 
and thought-provoking insights into cancer knowledge today from 
some of the most innovative and honored oncologists in the world. 
Published twice yearly. $70.00 per year in the U.S.A. 


Lippincott 


J. B. Lippincott Company 
PO. Box 280 

East Washington Square 
Philadelphia, PA 19105 





T-O ORDER.. Call us TOLL FREE (us except AK) 1-800-638-3030. 


In Maryland, call collect 301-824-7300. 


If the movement needs improvement... 
Colace or Peri-Colace 





Recommend the time-tested anticonstipants that relieve gently and reliably. 
Colace (docusate sodium) softens the stool and helps prevent straining . . . 
especially important for patients with anorectal disorders. 

When laxative action is also needed, Peri-Colace (casanthranol and docusate 
sodium) both softens stools and stimulates peristalsis to correct constipation, 
usually overnight. 

Colace offers you the flexibility of 50mg or 100mg capsules, syrup or liquid. 
Peri-Colace is available in both capsules and syrup. Recommend them with 
confidence for virtually all your adult and pediatric patients. 


Gentle relief you’ve relied on for over 25 years 


GOLACE «=» PERIGOLACE’ @ 


(stool softener) (laxative plus stool softener) 





Mead (itso 


PHARMACEUTICALS 
COLACE® is a Registered Trademark of Mead Johnson & Company. © 1988 Mead Johnson & Company, Evansville, Indiana 47721 U.S.A. J-K35 


November 1988 
Volume 208, Number 5 


ISSN 0003-4932 


Annals of 


Surgery 


A Monthly Review of 
Surgical Science and Practice 
since 1885 


J. B. Lippincott Company 
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J STUART PHARMACEUTICALS 
B Wilmington, Delaware 19897 


— for indicated organisms. 


Please see adjacent pagefor 
brief summary of prescribing _ 
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In intra-abdominal and gynecologic infection 


due to indicated organisms 


CEFOTAN... 


(cefotetan disodium) 


Does so much for so much less than cefoxitin 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 

Urinary tract infections caused by F coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganil). 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. _ 

in and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 

Gynecologic infections caused by Staphylococcus aureust (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,t and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species). 

intra-abdominal infections caused by F coli, Klebsiella species (including K pneumoniae), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus; 
B thetaiotaomicron). 

Bone and joint infections caused by Staphylococcus aureus.* 

*NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 

t Efficacy for this organism in this organ system was studied in fewer than ten infections. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

if there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
nod contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful —_ Soni be made to determine whether the 
patient has had ious a reactions to cefotetan disodium, cephalosporins, 

nicillins, or other anpe. is product should be given cautiously to penicillin-sensitive patients. 

ntibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require oe and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 

Si m antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by we sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ngeon of alcoholic oo following the administration of CEFOTAN. 

DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should 
be carefully monitored, especially if higher dosages of the aminoglycoside are to be administered or if 
therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycoside antibi- 
otics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible 
that a may ae a if CEFOTAN is used concomitantly with an aminoglycoside. 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 

with Benedict's or Fehling's solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be de- 


CEFOTAN® (cefotetan disodium) 


velopmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 treated — 
animals was affected, and the degree of degeneration was mild. Similar lesions have been observed in 
experiments of comparable design with other methylthiotetrazole-containing antibiotics and impaired 
fertility has been reported, particularly at high dose levels. No testicular effects were observed in 
7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs (3 weeks old) that 
received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to humans is unknown. 
USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. ; 
USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
In clinical studies the following adverse effects were considered related to CEFOTAN therapy. i 
Gastrointestinal sm toms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 80) 
and nausea (1 in p i 
Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
(1 in 200), positive direct Coombs’ test (1 in 250), and thrombocytosis (1 in 300). 
Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
A nay reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 
Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 

SAGE AND ADMINISTRATION 
TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 
patna Sati sdb teal igi allel iS SB ga «ih en aa atin se aE 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or notentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 














DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dose’ Every 12 hours 
10-30 Usual Recommended Dose* Every 24 hours 
<10 Usual Recommended Dose’ Every 48 hours 





“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. The vials 
should not be stored at temperatures above 22°C and should be protected from light. 
1 gin 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1,.¢.i0.100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21) n ee, 
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TRAUMA FELLOWSHIP 


Presbyterian-University Hospital of Pittsburgh and the 
University of Pittsburgh School of Medicine offer a one-year 
fellowship in Trauma and Critical Care Medicine to qualified 


candidates. 


AREAS OF FOCUS: 


e Trauma intensive care 

e Trauma team leadership 

e Trauma center administration 

e Trauma system development 

e Trauma education 

e Trauma research (basic science and/or clinical) 


MINIMUM REQUIREMENTS: 


¢ Completion of an accredited surgical residency 

e Diplomate from the American Board of Surgery 
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ANDREW L. WARSHAW, M.D. and RICHARD S. SWANSON, M.D. 


Pancreatic adenocarcinoma is increasing in frequency, generally 
grows without symptoms until late in its natural history, and 
presents many discouraging unresolved problems in management. 
This review analyzes the status of current modalities of diagnosis, 
staging, and treatment. The limitations of those methods are 
defined, and possible improvements and new directions are sug- 
gested. A strategy for a rational and humane approach to pan- 
creatic cancer is developed with the goal of maximizing quality 


as well as quantity of life. 
A twentieth century remaining, cancer of the pan- 
creas remains a lethal disease, killing more than 
99% of its victims.’ Surgical excision continues to be the 
only possibility of cure, but the overall resectability rate 
is low (S—10%), and the median survival time after curative 
resection is 17-20 months.” At the same time, other 
methods of treatment, including chemotherapy and ra- 
diation therapy, have been of little or no benefit to the 
patient with cancer of the pancreas. The result is often a 
feeling of frustration and even nihilism in those surgeons 
called upon to treat the disease. Yet, with the belief that 
it is nonetheless appropriate to refine and differentiate 
treatment so as to improve the quality and perhaps in- 


LTHOUGH THERE IS ONLY one decade in the 
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crease the quantity of life remaining to persons with pan- 
creatic cancer, we intend to focus on recent studies of 
diagnosis, staging, and treatment, and to apply this newer 
knowledge to three distinct subgroups: resectable, localized 
but unresectable, and metastatic pancreatic ductal ade- 
nocarcinoma. 


Diagnosis 


At present, virtually all pancreatic cancers are identified 
by their symptoms. Patients with pancreatic cancer pres- 
ent with either pain without jaundice (46%), pain with 
jaundice (34%), jaundice without pain (13%), or with nei- 
ther pain nor jaundice (¿.e., present with anorexia and 
weight loss) (7%).? Methods used to evaluate these symp- 
toms must distinguish pancreatic cancer from other dis- 
eases that mimic it and certify the correct diagnosis. Table 
i lists currently advocated tests. However, the sensitivity 
and specificity of any of these tests are imperfect at best, 
and vary with the size and stage of the tumor. The tests 
are least accurate with small, resectable tumors.*® Tumors 
less than 1-2 cm in diameter are rarely detectable with 
imaging techniques, such as ultrasonography, comput- 
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TABLE 1. Tests for Diagnosis of Pancreatic Cancer 


Sensitivity Specificity 
Test References (%) (%) Comment 
Ultrasonography 20 70 95 2C% Test failure 
Endoscopic ultra- 18 60 100 Head lesions 
sonography 
CT 9, 20 80 95 Tumors >2 cm 
MRI Unknown Unknown 
Percutaneous cholangi- 19 100 96 Odstructive 
ography jaundice 
ERCP 9, 20 90 95 
Angiography 21 70 70 
Percutaneous cytology or 20, 22-24, 79 85.90 100 
biopsy 
Serologic markers 
CEA 4,11 35-50 50-80 Detects other 
cancers 
POA 4 50-70 77-90 
GT-II 4 67 98 Specificity for 
malignancy 
CA 19-9 5-8, 10, 11,25 85-90 90 Tumors >3 cm 
DU-PAN-2 26 90 99 Specificity for 
malignancy 
Elastase 27 72 98 = Also high in 
pancreatitis 
Cetects small 
proximal 
tumors 
Pancreatic secretions 
POA It 68 80 
CA 19-9 7 Fair Fair 
Cytology 12 20-80 100 


erized tomography (CT), magnetic resonance imaging 
(MRI)? Combinations of tests tend to increase the overall 
performance.°*!*'! Even with these tests, however, it may 
not be possible to prove the diagnosis of pancreatic cancer 
in as many as 10% of the cases.'? Needling the tumor for 
cytologic or histologic sampling may provide diagnostic 
certification in as many as 90% of the cases, but carries 
the risk of spreading the cancer. 

In addition to the classical modes of presentation, pan- 
creatic cancer may first manifest itself as acute pancreatitis, 
which is seen in 14% of the patients." Trapnell found an 
underlying cancer in 5% of the cases of “idiopathic” acute 
pancreatitis.'* Similarly, about 15% of patients with pan- 
creatic cancer had new onset of diabetes during the year 
before diagnosis of the malignancy.!*'® We are not aware 
of studies of screening for pancreatic cancer m new dia- 
betics, but the yield would be low,'° particularly if tumors 
were small. 

Because most patients with symptoms of pancreatic 
cancer already have unresectable, incurable disease,*” a 
test by which an asymptomatic population could be ef- 
fectively screened for earlier discovery would be a great 
advancement. Most of the tests listed in Table 1 cannot 
be considered screening tests because they are invasive, 
expensive, and carry with them some risk,” '®** although 
some serologic markers, most developed recently, deserve 
specific comment. These include tumor-associated anti- 
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gens (CEA, POA, CA 19-9, DU-PAN-2) and enzymes 
(GT-II, elastase). CEA, POA, and GT-I are too insensitive 
to be of any use in screening.*'' High levels of CA 19-9 


=- or DU-PAN-2, detected with monoclonal antibodies, are 


found in as many as 90% of patients with pancreatic 
cancer,” 819112326 but sensitivity falls to 57% with tumors 
of 3 cm or less,’ and the values are usually normal with 
Stage I and II resectable cancers.’”® These tests may have 
value in helping to differentiate pancreatic cancer from 
diseases such as chronic pancreatitis,””''> but the very 
high values found to be diagnostic of cancer are neverthe- 
less essentially limited to unresectable lesions.* One ex- 
ception may be the serum immunoreactive elastase, which 
is said to be elevated particularly in small lesions ob- 
structing the proximal pancreatic duct.” If serum levels 
fall to normal levels after resection, serial observations 
may be useful in monitoring for recurrence.?>”° 

The ideal screening test for pancreatic cancer may be 
impossible to create. Let us assume a nearly perfect test 
with a sensitivity of 99% and a specificity of 99%—cheap, 
easy, and noninvasive. Now, given that the prevalence of 
pancreatic cancer in the screened population will be about 
0.01%, our “nearly perfect” test will generate 99 false- 
positives for every true-positive. Thus a new dilemma 
would arise—that of either finding the small asymptom- 
atic tumor (CT fails at <1-2 cm), performing 100 total 
pancreatectomies for one cancer, or waiting until symp- 
toms appear. The ideal screening test would need to be 
coupled with the ideal localizing technique before there 
could be any net gain. 

The sum of current diagnostic modalities has not im- 
proved the finding of earlier, smaller cancers more likely 
to be resectable.'’ Higher rates of resectability being re- 
ported now”? are due instead to improved staging of tu- 
mors and more realistic preoperative assessment.2”"° 


Differentiation from Other Tumors 


To some physicians, the poor prognosis of pancreatic 
ductal adenocarcinoma is discouraging to the point of 
surrender. Yet, regardless of the justification of this stance, 
one must first make certain that the tumor is not of some 
other type having a much better prognosis. Ampullary, 
duodenal, lower-third bile duct, and other periampullary 
cancers carry a resectability rate five times higher and a 
cure rate six to eight times higher than that of adenocar- 
cinoma of the head of the pancreas.*?'!~** More than 50% 
of cystadenocarcinomas can be cured.” Lymphomas may 
respond dramatically to chemotherapy and irradia- 
tion.” Periampullary carcinoids and islet cell tumors, 
too, are capable of producing obstructive jaundice. 

Endoscopy and retrograde cholangiopancreatography 
are usually helpful in differentiating pancreatic cancer 
from ampullary and duodenal tumors. CT scans are highly 
accurate in identifying cystic neoplasms.** Because the 
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presence of cytologic aspirates is not usually sufficient for 
diagnosing lymphoma, and because it is best to obtain 
enough tumor tissue to determine cell-surface markers 
for lymphoma typing, a biopsy obtained at laparotomy 
may be preferred. In some cases, the determination of the 
type and origin of neoplasm in the periampullary region 
cannot be determined without first resecting it.” | 

Distinguishing pancreatic cancer from chronic pancre- 
atitis may also be difficult. In addition to causing pain 
and the development of tumor,*"“ the latter may also 
cause obstruction of the bile duct, duodenum, and even 
the superior mesenteric and portal veins. To date, no single 
test has sufficed to distinguish one disease from -he other. 
A negative biopsy does not exclude cancer.?"*7"*4+" And 
although the clinical course, trends, and various combi- 
nations of test results generally yield high probebilities of 
correct diagnosis, often resection (and sometimes only 
the test of time itself) is the final arbiter.* 


Staging 


In the past, patients with pancreatic cancer routinely 
underwent surgical exploration for biopsy, bypass, or re- 
section. In some institutional series, as many as 30% of 
all operations performed for pancreatic cancer were sur- 
gical explorations and biopsies. 6756- Resection in 
which gross tumor is completely removed varies from 5% 
to 25% of patients operated on,?®4”50 with the higher per- 
centage resulting not from more resectable tumors being 
found, but from both a more aggressive approach and 
better preoperative staging for resectability.7*“ The lower 
percentage (5%), on the other hand, probably approxi- 
mates the prevalence of resectable cancers at the time of 
treatment. As many as an additional 45% will have ap- 
parently localized but unresectable cancer.’ It is very rare 
that a cancer in the body or tail will be cleanly resectable, 
and essentially none of these are ever cured.':>!~>3 Also, 
pancreatic cancers that, on cholangiography, extend up 
the bile duct to the cephlad border of the pancreas or 
higher are unlikely to be resectable because usually they 
will have extended to involve the portal veir, or hepatic 
artery as well. Tumors greater than 4 cm in diameter are 
very unlikely to be resectable.*°°! Tumors 3 cm in di- 
ameter or less are more likely to be resectable and cur- 
able.305 154-56 

The extent of preoperative staging that ought to be per- 
formed depends upon the treatment options that can and 
will be offered. The more alternatives that exist, the more 
that exact staging has a purpose. For example, in the pres- 
ence of known metastases or unresectability, a total non- 
operative approach could be elected with percutaneous 
aspiration cytologic diagnosis, endoscopic or transhepatic 
biliary stenting for jaundice, and percutaneous nerve 
blocks for pain (as long as the duodenum remains unob- 
structed). Alternatively, if probable resectability would 
optimally mean transfer of the patient to another facility 
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for a single definitive operation, or if intraoperative ra- 
diation therapy were considered desirable for an unre- 
sectable but localized tumor, more complete staging to 
establish these conditions would be justified. 

For pancreatic cancer, the major areas of spread are 
regional lymph nodes, liver, peritoneal surfaces, and local 
invasion of contiguous major vascular structures, es- 
pecially the portal and mesenteric vein. More distant me- 
tastases (lung, bone) usually occur very late, as well as 
occur with the more local sites. Unfortunately, metastases 
to nodes occur early: even in T, or Tz small tumors, careful 
search has shown microscopic metastases in 75% of the 
cases.” 

Nodal metastases cannot be detected reliably, even with 
CT.® Involvement by microscopic metastases does not af- 
fect resectability, regardless of whether or not it reduces 
survival,*°>!)>>57-©° whereas gross nodal enlargement usu- 
ally occurs along with other indices of unresectability. In 
one report, the use of endoscopic ultrasonography was 
said to have indicated nodal metastases correctly in nine 
of eleven resectable cases and to have indicated negative 
nodes correctly in three of three cases. In five of six cases 
unresectable because of nodes or vascular invasion, en- 
doscopic ultrasonography predicted the situation cor- 
rectly. This interesting study needs extension and confir- 
mation. 

Although liver metastases as small as 2 cm in diameter 
can be detected by ultrasonography and even more effec- 
tively by CT, only about two thirds of liver nodules are 
visible by CT.*°! Smaller nodules are commonly missed. 
It is hoped but not yet established that MRI may be more 
sensitive. Angiography is far less sensitive than CT in this 
regard,°? 

Of patients with pancreatic cancer but with no metas- 
tases demonstrable by CT, MRI, or angiography, more 
than 40% are found to have small metastases in the liver, 
omentum, or on parietal peritoneal surfaces that can usu- 
ally be seen and biopsied by laparoscopy.°' Not surpris- 
ingly, the numbers are much higher for lesions in the 
body and tail (75%) than in the head (33%).°* These nod- 
ules are 1-2 mm in diameter and are undetectable by any 
other means. The high frequency with which they are 
found in pancreatic cancer is distinctive among gastroin- 
testinal (G.I.) cancers. 

Extrapancreatic extension, especially that involving 
contiguous major vessels, has been hardest to assess. Oc- 
clusion of the portal, superior mesenteric, or splenic vein 
is an absolute sign of unresectability to all but the most 
radical resectionist,”!°** but deformity or bowing of the 
vein is harder to assess objectively and may have its ex- 
ceptions.”® Cuffing and encasement of the celiac, hepatic, 
or superior mesenteric arteries are common signs cf un- 
resectability but are relatively insensitive indices.*!°?*° 
Several studies confirm that major anomalies of the origins 
of the hepatic arteries occur in 25-35% of the cases,” 17862 
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STAGING OF PANCREATIC CANCER 
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FIG. 1. Staging algorithm to choose the appropriate treatment for pan- 
creatic adenocarcinoma. Bypass includes either bilicenteric anastomosis 
or internal stenting of the biliary tract by percutaneous or endoscopic 
endoprosthesis. If surgical biliary bypass is elected, a complementary 
gastrojejunostomy is generally created at the same operation. CT = com- 
puterized axial tomography; US = ultrasonography (Reprinted with per- 
mission from Warshaw et ai.). 


but how crucial this information proves to be is less clear. 
The right hepatic artery originating from the superior 
mesenteric artery (15%) is the anomaly most likely to be 
troublesome. Atherosclerotic occlusion of the celiac artery; 
leaving the liver dependent upon the gastroduodenal ar- 
tery for its arterial supply (as well as vulnerable if that 
artery is taken during pancreaticoduodenectomy), is not 
uncommon.”® , 

CT has also been used to evaluate extension to the 
neighboring major vessels.°* Loss of the perivascular fat 
plane and encroachment on the lumen have been used 
as criteria of unresectability. Using dynamic contrast-en- 
hanced CT, Freeny et al., claimed that the signs of un- 
resectability were 100% correct in 42 patients and that 
predictions of resectability were correct in six of nine.®© 
Their study is difficult to assess because the locations of 
the tumors are not given. In another experience, as well 
as in one of our own,” CT has, at best, only a 60% accuracy 
in assessing major vascular encasement. Thus far, MRI 
has not been shown to have any advantage over contrast- 
enhanced CT for these purposes, but as mentioned earlier, 
endoscopic ultrasonography may be a promising addi- 
tion. 

We use a staging protocol (Fig. 1), combining scans, 
laparoscopy, and angiography. With this we have been 
able to ascertain unresectability with 97% accuracy and 
resectability with 80% accuracy (Warshaw AL, unpub- 
lished results). The approach allows rapid delineation of 
treatment plans, conservation of resources, and optimal 
use of remaining life. 
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Preoperative Management 
Biliary Tract Decompression 


In 1978, Nakayama et al. published a retrospective 
study that suggested that preoperative percutaneous 
transhepatic biliary drainage (PTBD) in patients with ob- 
structive jaundice decreased operative mortality from 28% 
to 8%.°’ A wave of enthusiasm for preoperative PTBD 
followed this report. However, three subsequent random- 
ized, controlled prospective studies failed to confirm Na- 
kayama’s finding.®*~”° Pitt and colleagues at UCLA found 
the same mortality rate in the PTBD and control groups 
(8.1% and 5.3%, respectively); furthermore, hospital stay 
was significantly longer for patients of the PTBD group.” 
Hatfield et al. also found the same mortality rate in the 
PTBD and control groups (14% and 15%); of those pa- 


- tients actually undergoing laparotomy, the mortality rate 


was higher in the PTBD group (14% vs. 8%).’° Similarly, 


. McPherson et al. found a higher mortality rate (32% vs. 


19%) and a significantly longer mean hospital stay (31 vs. 
19 days) in the PT BD group as compared with the con- 
trols. A fourth randomized, controlled prospective study 
suggested that preoperative PTBD reduced the surgical 
morbidity and lessened subclinical renal dysfunction, yet 
did not affect the overall morbidity rate due to the high 
complication rate of the PTBD procedure.’’ Because of 
the lack of benefit and the high complication rate from 
bleeding and sepsis associated with PTBD, approaching 
35% in some series,” its routine use should be discour- 
aged. 

Nonetheless none of these studies separated subsets of 
patients having different levels of bilirubin. Thus, there 
may still be some patients with high-grade obstructive 
jaundice who benefited from preoperative biliary drainage, 
such as those with very high serum bilirubin, pruritus, 
and coagulation defects, especially now that endoscopic 
stent placement is so widely available. The latter technique 
appears to carry a Significantly lower complication 
rate.” Preoperative biliary drainage also allows more 
temporal flexibility for preoperative radiation or transfer 
to other treatment centers. 


Preoperative Irradiation 


Given the rapid intra-abdominal spread and implan- 
tation of pancreatic carcinoma after intraoperative bi- 
opsy,’° it follows that dissection of the pancreas and ma- 
nipulation of the tumor at laparotomy may cause the dis- 
semination of tumor cells and ruin the chance of cure 
from the outset. Preoperative “‘sterilization” of the tumor 
mass with external beam radiation therapy (EBRT) may 
reduce the likelihood of peritoneal metastases by killing 
cells on the surface of the tumor. Preliminary observations 
support this hypothesis.” For instance, low-dose preop- 
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erative EBRT (1000-2000 cGy) reduced the incidence of 
incisional and peritoneal metastases after surgical manip- 
ulation of localized but unresectable tumors.’* We favor 
a trial of low-dose preoperative EBRT for potentially re- 
sectable pancreatic cancers. 


Preoperative Nutritional Repletion 


Although significant weight loss is common in patients 
with pancreatic cancer, there is no good evidence that 
there is any reduction of operative morbidity or mortality 
to justify the delay, expense, and risks ofa period of central 
venous parenteral nutrition. 


Tissue Diagnosis 


Proof of pancreatic cancer may be obtained from the 
primary tumor or its metastases, when present. The latter 
can be sampled by needle aspiration or biopsy of the liver 
under ultrasonographic or CT guidance,” or with lapa- 
roscopic visualization.®! 

The primary tumor can be most easily and safely sam- 
pled by percutaneous aspiration for cytologic examina- 
tion. Accuracy is high (86%) with no false-positive results 
reported.” Reported complications have been amaz- 
ingly minimal, but spread of tumor along the needle tract 
has been noted.” This observation suggests that low-dose 
irradiation (1000 cGy) may be advisable before under- 
taking needling of a potentially resectable tumor in order 
to prevent seeding. We have adopted that practice.” 

Endoscopic aspiration of pancreatic cancers through 
the duodenal wall to obtain a specimen for cytologic ex- 
amination has been reported with results equal to those 
of the percutaneous method. The technique may have 
some particular merit for patients whose neoplasm is 
known to be either within the ampulla or adjacent to it. 

Tissue diagnosis at operation can be obtained by in- 
cisional or needle biopsy of metastases or of the primary 
tumor mass. The pancreatic tumor can be sampled by 
direct incision®! or needle-core biopsy“ for frozen-section, 
or fine-needle aspiration for cytologic examination.”*4 
All of these methods have a 10-30% false-negative rate 
because of the inflammatory rind which may hide a small 
cancer. Complications including bleeding, pancreatitis, 
fistula, and intra-abdominal spread of tumor appear to 
be minimized by transduodenal needling, whether per- 
formed for histology or cytology, whenever this approach 
is feasible. 


Resection of Pancreatic Cancer 


The cure rate for pancreatic cancer is admittedly dismal. 
Only those patients with lesions presenting with jaundice 
in the head of the gland have even a chance of being 
cured. In general, small cancers (2-3 cm) are more likely 
to be resectable and curable than larger cancers,°°>!74->’ 
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yet the number of smaller tumors (i.e., perhaps discovered 
earlier) being found has not increased with modern tech- 
niques of detection." 8535? Body and tail lesions are 
hardly ever resectable and are never curable.** The re- 
sectability of all pancreatic cancers is 5-10%, and for 
jaundiced patients, 10-25%, depending on aggressiveness 
of the surgeon and thoroughness of staging.?787049°* 
The early morbidity, great costs, and poor survival has 
led some to advocate abandonment of resection sur- 
gery.°?-®> Although the chance for cure is small, the only 
cures have been from pancreatoduodenectomy. This fact 
and the possible inability to distinguish pancreatic cancer 
from other more favorable types of tumor**** provide a 
continuing impetus for an aggressive stance. 


Pancreatoduodenectomy (“Whipple Operation”’) 


Several experiences were published 10-15 years ago 
showing that the Whipple operation compared with biliary 
bypass produced few if any cures, no greater survival time 
(about 6 months), more postoperative morbidity and 
mortality, and all at a greater cost.***3*° By contrast, many 
large series of the last 5 years show a median survival of 
approximately 18-20 months, 5-18% 5-year survival, 
and many fewer postoperative | complications and 
deaths. 3,28,87~9 1 

The most encouraging developmen has been the re- 
duction in operative mortality by experienced pancreatic 
surgeons. During the 1960s, mortality rates were more 
than 20%, and were still more than 10% during the 1970s.? 
There are several institutions now reporting an operative 
mortality of 0-4% for. pancreatoduodenectomy.”**’”! 
Some of these series include resections for benign disease, 
but none have identified a difference in risk of the Whipple 
operation for benign versus malignant lesions. Although 
age greater than 65~70 years has traditionally been said 
to be a contraindication to pancreatoduodenectomy,'*”*”” 
we and others®®* no longer set any age limit. Even some 
octogenarians may be candidates for this operation. Can- 
didacy should be based on common criteria of renal func- 
tion, cardiopulmonary status, and general assessment of 
fitness. The Johns Hopkins group concluded that the im- 
provement in surgical end results is due to “fewer surgeons 
performing more Whipple resections in less time and with 
less blood loss.’8? Their view is underscored by reports 
of current mortality rates still exceeding 20% in the hands 
of surgeons with occasional experience.*”**”> The facts 
strengthen the case for regionalization of this type of sur- 
gery.2697 

The improved operative results, although now the ex- 
pected standard, have not led to more 5-year survivors. 
Fewer people are dying immediately from the operation, 
but most of these additional survivors join the ranks 
of those with 18-month palliation.” The chances for 
cure after a “‘curative resection” ranges from 0% to 
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18%,3:28-49.82,85,87-93 But now that its human and economic 


costs have been reduced, pancreatoduodenectomy, al- 
though admittedly still a palliative operation in most cases, 
is clearly the optimal palliation for patients with grossly 
localized, resectable pancreatic cancer. If tumor is know- 
ingly left behind after resection, the survival after resection 
is no better than after bypass alone.'® In our opinion, the 
risks of the operation have been reduced sufficiently to 
now justify an experienced surgeon’s performing a pan- 
creatoduodenectomy even without tissue proof of malig- 
nancy, since it is the smallest cancers that are both the 
most difficult to sample accurately and the most likely to 
be cured.7834°3 

Since the reports of anastomotic ulcer rates of 6-50% 
without vagotomy,”®”” the necessity of performing a va- 
gotomy with the classic Whipple procedure or total pan- 
createctomy has been debated. Two recent reports, how- 
ever, give evidence that vagotomy does not offer benefit. 
Crist et al. reported upper G.I. bleeding in 12% of those 
patients who had vagotomies and in 9% of those who did 
not.®’ Grace et al. noted G.I. bleeding in 9% and 12%, 
respectively, and anastomotic ulcers in 4% and 6%, re- 
spectively.®” 

Because breakdown of the pancreatico-jejunal anas- 
tomosis and pancreatic fistulas have been the major cause 
of morbidity and mortality after the Whipple operation,'}” 
various techniques of managing the pancreatic stump have 
been tested. Simple suture ligation of the duct without 
anastomosis and with drainage is unsatisfactory, with ex- 
ternal fistulas occurring in 50-100% of patients.®’ Grace 
et al. reported that pancreatic fistulas developed in 14% 
of those in whom mucosa-to-mucosa pancreatico-jejunal 
anastomoses were performed and in 13% of those in whom 
the pancreas was invaginated into the jejunum.®’ They 
found fistulas in 11% of the patients when anastomotic 
stents were used and 30% when they were not; the differ- 
ence was not statistically significant, but was certainly 
suggestive. Trede also concluded that meticulous tech- 
nique, rather than tactics, is the most important factor in 
avoiding pancreatico-jejunal leaks.'™ It is our own pref- 
erence to create a mucosa-to-mucosa anastomosis and to 
stent it for at least 10 days. Of 100 cases, we have observed 
three fistulas, all of which were short-term and innocuous. 


Antrectomy Versus Pylorus-Preservation 


Traverso and Longmire have described a modification 
of the Whipple operation in which the proximal resection 
was at the postpyloric duodenum, thereby preserving the 
antrum and pylorus.'°! Vagotomy, of course, is unnec- 
essary and contraindicated. The operation, widely 
adopted, appears to have met its objective of reducing the 
postgastrectomy symptoms and marginal ulceration that 
occur after the traditional Whipple resection.®*!0!! Ap- 


WARSHAW AND SWANSON 


Ann. Surg. « November 1988 


plication of this operation to pancreatic cancer raised the 
concern that it might be less effective because the distal 
lesser curve and subpyloric lymph nodes are not removed 
as they would be if the pylorus and antrum were included 
in the specimen. Although there has been no randomized, 
controlled study, no compromise of cancer control is ap- 
parent in the several reports of pylorus-preserving 
pancreatoduodenectomy for pancreatic cancer.®**?!® In 
fact, Longmire’s group achieved a remarkable 5-year ac- 
tuarial survival rate of 25% (for tumors with a mean di- 
ameter of 3.2 cm).!°* We would choose this modification 
for cancers of the pancreatic head that do not encroach 
on the first portion of the duodenum, provided that the 
patient has no history of duodenal ulcer disease. 

Some investigators have reported that as many as 50% 
of their patients have had gastric atony, and delayed gastric 
emptying for as long as several weeks after the pylorus- 
preserving operation.$®!0>!9%4 This problem is temporary, 
resolves spontaneously, and gastric motility returns to 
normal. !?!193-105 After performing this operation, we rou- 
tinely place a gastrostomy tube for drainage to make the 
postoperative transition period easier on the patient.!° 
The consensus is that eventual gains outweigh the short- 
term inconvenience. 


Resection of the Pancreatic Head Versus Total Pancrea- 
tomy 


Total pancreatectomy has been advocated to replace 
the traditional partial resection of the pancreatic head 
only,°®:!°°!97 in order to eliminate the following concerns: 
1) the pancreatic resection margin frequently contains tu- 
mor (i.e., in 30%) 2) pancreatic cancer is said to be mul- 
ticentric, 3) there is the possibility that tumor cells floating 
in the duct lumen might be spilled and implanted in the 
surgical field, 4) a wider lymphadenectomy might be ac- 
complished, and 5) the pancreatico-jeyunal anastomosis 
is the weakest link of the operation, the most likely to 
leak and to cause serious morbidity and death. Despite 
early enthusiasm,'*!° recent studies have demonstrated 
neither short-term nor long-term advantage for total pan- 
createctomy.**46°0°81°8 The multicentricity of pancreatic 
cancer has not been confirmed in subsequent careful 
studies,'°? and the management of the diabetes after total 
pancreatectomy is certainly more difficult because of the 
complete absence of homeostatic buffering of pancreatic 
glucagon, a problem which by itself costs some lives.47"'8 
Van Heerden has stated that the Mayo Clinic, previously 
in favor of total pancreatectomy, has in most cases re- 
verted to the Whipple operation because of comparative 
mortality rates of 12% and 4%, respectively, and 5-year 
survival rates of 2 and 4%, respectively.”! Moossa!!° and 
Brooks!” are among the few who still favor routine re- 
moval of the entire gland. Total pancreatectomy should 
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perhaps be reserved for those cases in which frozen-section 
shows tumor at the intended points of division of the 
pancreas, '®** or in which the gland is judged to be too 
soft and friable for safe anastomosis.**:!"! 


Regional Pancreatectomy 


This operation, described and championed by Fort- 
ner,!!? comprises en bloc resection of the pancreas and 
surrounding tissues, along with a segment of the mesen- 
teric-portal vein and sometimes of major arterial segments 
(hepatic, superior mesenteric). The vein is anastomosed 
directly”? and interposition grafts are used for an artery. 
The proposal has not met with enthusiasm because of 
high operative mortality rates (8% at Fortner’s most recent 
best)!!? and survival figures that are not convincingly ad- 
vantageous. Although the concept of a wider excision for 
cancer follows traditional thinking, the overwhelming 
problem may that, in 99% of patients, pancreatic cancer 
has already metastasized beyond any local field of resec- 
tion by the time their symptoms appear. 


Adjuvant Therapy with Curative Resection 


With the discouraging survival figures, even after sup- 
posedly curative resection, adjuvant therapy is being tested 
for possible added benefits. Reference has already been 
made to preoperative irradiation in this context. 

Hiraoka et al.''? used 3000 cGy intraoperatively after 
resection, albeit without EBRT, and noted a marked im- 
provement in the 1-year survival year rate (75% vs. 50%). 
However, no difference was noted at 2 years. 

Investigators at the National Cancer Institute have car- 
ried out a controlled prospective trial of adjuvant radiation 
with curative resection.''* They treated patients with 2000 
cGy intraoperative electron beam radiotherapy (IORT) 
immediately after resection. Patients in both the treatment 
and control groups received 5000 cGy EBRT after the 
operation. Although overall survival time was the same, 
they found that local control was greater in the treatment 
group, and the median survival time was longer in the 
subset of treated patients who had grossly well-localized 
disease. . 

In a controlled prospective trial of 4000 cGy EBRT 
and weekly intravenous (I.V.) fluorouracil after curative 
resection, the Gastrointestinal Tumor Study Group 
(GITSG) demonstrated a statistically significant longer 
median survival time for the treatment (21 months) than 
for the control group (11 months).''? Two-year actuarial 
survival was 43% for the treated group versus 18% for the 
control group. Subsequently, the GITSG registered 30 
additional patients in the treatment group, and replicated 
and confirmed the improved survival.''® Their findings 
suggest that combined adjuvant radiation therapy and 
fluorouracil is effective after curative resection. 
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Treatment of Localized Unresectable Pancreatic Cancer 


The major issues here are control of the primary tumor 
growth, analgesia, and relief of biliary and gastric obstruc- 
tion. In this section we will deal mainly with local control, 
and we will discuss the questions relating to palliative 
bypasses in the following section. It should be emphasized 
at this point that we use the term “localized” to mean 
apparently or grossly localized. Inasmuch as microscopic 
metastases may already exist in 99% of patients with pan- 
creatic cancer at clinical presentation, and inasmuch as 
radiation therapy is almost as much a local focused treat- 
ment as surgical extirpation, radiation therapy will have 
ultimate limitations similar to those of resection. 

The median survival time for localized but unresectable 
pancreatic cancer untreated or treated with bypass only 
is approximately 6 months.”?”!!’ EBRT alone does not 
prolong survival.''*!!° Treatment with multiple fractions 
per day confers no added benefit.!2? Neutron beam ther- 
apy performed no better than conventional EBRT.'*! In- 
traluminal radiation combined with EBRT also failed to 
prolong survival or open the obstructed bile duct.'2” Only 
Dobelbower et al., using a technique of “precision high- 
dose” EBRT, reported a better survival time (median of 
15 months).!7 

EBRT combined with chemotherapy may have an ad- 
vantage over radiation alone. Although Klaassen et al. 
found no difference,!** the GITSG found in a study of 
194 patients that EBRT (4000 or 6000 cGy) used with 
fluorouracil produced a significantly longer survival (1C 
months) than EBRT (6000 cGy) alone (5.5 months).!!" 
Forty per cent of the patients of the combined therapy 
group were alive at 1 year, contrasted with 10% of those 
treated with EBRT only. Adriamycin™ is no better than 
fluorouracil in promoting longer survival.'*> Whittington 
et al. also reported improvement with high-dose EBRT 
when combined with 5-FU.!!” 

A major problem with radiation therapy for pancreatic 
cancer is not the radiosensitivity of the tumor, but the 
limitations to delivery of radiation caused by injury to 
surrounding organs. One solution to this has been boost 
irradiation delivered directly to the tumor during opera- 
tion. Most experience with intraoperative radiation ther- 
apy (IORT) has been with either interstitial implants, using 
1251, or with particle therapy, using.an electron beam 
from a linear accelerator. 


Radioactive Iodine Implantation, EBRT, and 5-FU 


Several groups have investigated the addition of 125] 
implantation to treatment with EBRT and 5-FU. From 
1975 to 1978, before the availability of electron beam 
IORT, this approach was used at the Massachusetts Gen- 
eral Hospital (MGH). Median survival time was 11 
months for 18 patients, with the longest survival lasting 
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31 months.!*° Morrow et al. at Memorial Sloan-Kettering 
Cancer Center reported a median survival time of 8 
months for 33 patients’ treated with this regimen.*® In- 


= vestigators at the University of Southern California re- - 


ported a median survival time of 14 months for 18 patients 
similarly treated.'*’” The largest reported experience with 
this method comes from Thomas Jefferson University 
Hospital, where 54 patients were treated.'?? Median sur- 
vival time was 14 months. Unfortunately, the operative 

mortality rate was 7.4% and the morbidity rate was 52%, 


largely due to complications from the combination ofin- ` 


_ troducing multiple needles into the pancreas (witk bleed- 
ing, pancreatitis, and fistulas) and high-dose EBRT (6000 
cGy). The complications of this technique makes it less 
attractive than electron-beam IORT. 


IORT, EBRT, and 5-FU 


IORT using an electron beam is given as a “boost” 
dose in conjunction with perioperative EBRT. Tw thou- 
sand cGy given as a single bolus is said to be biologically 


equivalent to 5000-6000 cGy given in fractioas.’”!?? ` 


Thus, the total radiation dose (EBRT plus IORT) may be 
equivalent to more than 10,000 cGy. 

Several centers have used IORT with EBRT and 5-FU 
to treat localized, unresectable pancreatic cancer. Al- 
though investigators at the Mayo Clinic!*° reported a me- 
dian survival time of 12.2 months, with excelleat local 
control (93% of patients), median and long-term survival 
were not altered significantly because most patients died 


of distant disease or peritoneal metastases. One patient — 


who died at 7.5 months after IORT had no evidence of 
pancreatic cancer at autopsy. The National Cancer Insti- 
tute recently reported a randomized, controlled. study 
comparing IORT, EBRT, and 5-FU with EBRT and 5- 
FU.'3! They found that median survival time and the 
time to disease progression were superior in the group of 


patients with localized unresectable disease wko were — 


treated with IORT. 

The largest experience with the longest follow-up of 
treatment for such patients comes from the Massachusetts 
General Hospital, where the protocol for this treatment 
was effective as of 1978 and where more than 80 >atients 
have since been treated. An interim report from the MGH 
showed a median survival time of 12 months for 41 pa- 
tients treated with IORT, EBRT, 5-FU, and a Aypoxic 
cell sensitizer, misonidazole, and of 16.5 months for 22 
patients treated with the same regimen without the mi- 
sonidazole. '3* Misonidazole is no longer used, and-median 
survival time is currently approximately 13 months (un- 
published results). This regimen provides local ccntrol in 
the majority of patients.’”!29-!°°-!>2 Failures are due to dis- 
tant or peritoneal disease. '2*!7° An advantage of providing 
the boost of radiation by electron beam IORT versus 
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J-125 implantation is the absence of mortality and low 
morbidity with the IORT technique.!?? A major late 
complication with IORT is G.I. bleeding (10%) and duo- 
denal obstruction, both of which can be avoided by min- 
imizing the amount of duodenum in the IORT field 
and by performing a gastrojejunostomy at the time of 
IORT.?”!?? 

A valuable effect of IORT is the relief of pain. The 
MGH study noted that 50% of the patients were totally 
relieved of pain within 1 week of IORT, and an additional 
25% reported significant improvement.’”!?? Other inves- 
tigators have also noted this effect.5” 133134 


Palliation of Complications 
Biliary Obstruction 


Under radiologic control, biliary bypass can be per- 
formed surgically, endoscopically, or percutaneously. The 
optimal method is hotly debated by the proponents of 
each technique. Although the procedure-related mortality 
for endoscopic stent placement (0-2%) or PTBD (0-6%) 
is lower than quoted for surgical biliary bypass (20%), the 
30-day mortality is the same (18-20%).75!5-137 Also, op- 
erative mortality may be decreasing; two studies recently 
noted operative mortality rates of 0% and 9% with surgical 
bypass. ’*'** The generally reported higher operative mor- 
tality rate of surgical bypass also has to be balanced against 
the repeated returns and re-hospitalizations for blocked 
stents and cholangitis after endoscopic drainage or PTBD. 
A prospective controlled trial of surgical bypass versus 
biliary endoprothesis showed no difference in cumulative 
postprocedural hospitalization time or median survival.!°*? 

Since stent occlusion correlates with the size of the tube 
and the length of time it is in place (e.g., smaller tubes— 
5~7 Fr.—occlude at about 3 months, whereas larger 
tubes—10-12 Fr.—last 6 months or more””*:'°), surgical 
drainage may be preferred for good-risk patients with 
nonmetastatic unresectable disease who may be expected 
to have a probability of longer survival. Stenting is clearly 
preferable for palliation of patients with known liver me- 
tastases, ascites, or tumor in the portal region that make 
surgical bypass difficult or impossible. 

Endoscopic stenting appears to have the advantage over 
percutaneous catheterization. A randomized trial from 
London! showed that the endoscopic method had a 
higher success rate for the relief of jaundice (81% vs. 61%) 
and lower 30-day mortality (15% vs. 33%), primarily due 
to fewer complications (hemorrhage and bile leaks). En- 
doscopic stenting is also preferable for patients with ma- 
lignant ascites. A method has recently been described for 
combined percutaneous and. endoscopic placement of 


. endoprostheses in patients in whom the pure endoscopic 


route has not been possible.'*? Of course, either method 
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of stenting is inadequate for patients who require surgery 
because of concomitant duodenal obstruction, and the 
latter complication will develop subsequently in 8~30% 
of patients treated with biliary bypass alone. ”™!37139-143 

The best type of surgical bypass of the biliary tree for 
unresectable cancer of the pancreas has been controversial; 
it has not been established whether use of the gallbladder 
or of the common duct is preferable. However, from eval- 
uation of over 60 published series looking at palliation of 
pancreatic cancer, Sarr and Cameron!’ found that 1) the 
mortality of cholecystojejunostomy (16%) was the same 
as that of choledochojejunostomy (20%), 2) survival time 
was slightly longer for choledochojejunostomy (6.5 
months) than for cholecystojejunostomy (5.3 months), 
and 3) jaundice did not recur, and cholangitis did not 
occur after choledochojejunostomy, but both were prob- 
lems after cholecystojeyjunostomy. Because recurrence of 
biliary obstruction was observed in more than a quarter 
of those patients bypassed by cholecystojejunostomy, 
several recent series also recommend choledochojejunos- 
tomy.5>:!43-!49 We agree with this, and add that choledo- 
choduodenostomy works as well as when the proximal 
duodenum is not grossly involved by cancer. We prefer 
division of the bile duct and an end-to-end anastomosis 
in order to reduce the opportunity for biliary reobstruction 
by tumor extending up the bile duct. 


Duodenal Obstruction 


Nausea and vomiting are common symptoms of pa- 
tients with pancreatic cancer. Gastroduodenal obstruction 
by tumor, including the often-overlooked obstruction of 
the distal duodenum at the ligament of Treitz, is assumed 
to be the mechanism involved. However, a motility dis- 
order may play a part in the case of some patients,!3”!*6 
especially in light of the difficulty with gastric emptying 
that is often seen even after gastrojejunostomy.'*’ The 
latter has discouraged some from offering routine gastro- 
jejunostomy at the time of biliary bypass.'“° It is the prac- 
tice at the M.D. Anderson Hospital in Houston to place 
gastrostomy and feeding jejunostomy tubes routinely at 
the time of duodenal bypass in order to anticipate and 
manage this problem. 

In their collected review of 3300 patients, Sarr and 
Cameron!?’ found that 13% of patients who had biliary 
diversion alone required reoperation for duodenal ob- 
struction. As the operative mortality is not increased by 
addition of the gastrojejunostomy, they and others have 
generally recommended prophylactic gastrojejunostomy 


at the time of biliary bypass.'**'** Gastric bleeding has ` 


been reported to occur considerably more frequently 
(35%) in patients treated with EBRT after gastroenter- 
ostomy.!” 


PANCREATIC CANCER IN 1988 


549 


When a gastrojejunostomy has not been created at the 
time of biliary bypass, it seems reasonable to perform one 
later in patients who return with duodenal obstruction. 
However, two studies suggest that, at this point, duodenal 
obstruction is a terminal event and that secondary gas- 
trojejunostomy may be a futile procedure. Brooks et al. 
found that patients lived only 1.6 months after reoperative 
gastrojejunostomy,!® and Weaver et al. reported that 90% 
of similar patients died during the hospitalization for re- 
operation or within 30 days after a reoperative gastroje- 
junostomy.'*° We can find no satisfactory answer to this 
conundrum. 


Pain 


Abdominal and back pain can be the worst problem 
for the patient with incurable pancreatic cancer. As noted 
above, IORT has been reasonably effective in relieving 
this pain.°”-”7:'7?:!33!34 Other than narcotic analgesics, 
chemical splanchnicectomy performed either intraoper- 
atively or percutaneously is probably the most common 
remedy in use.'?’ Flanigan and Kraft reported that 88% 
of patients treated with intraoperative phenol (6%) 
splanchnicectomy of the celiac plexus were relieved of 
pain for 4.3 months.'°! Leung et al. reported that 85% of 
patients experienced relief of pain with percutaneous celiac 
plexus blocks using 50-75% alcohol.'*? Median duration 
of pain relief was 2.3 months. Although their technique 
required general anesthesia, this has not been the practice 
of the Massachusetts General Hospital. 


Treatment of Metastases of Pancreatic Cancer 


There is no evidence that any chemotherapeutic regi- 
men using a single agent or drugs in combination is ef- 
fective in the treatment of the patient with metastatic 
pancreatic cancer.'**-!*’ Other experimental approaches 
have used hyperthermia,'°® antiestrogen therapy (because 
estrogen receptors have been demonstrated in pancreatic 
cancer tissue),'°?:!®° and immunotherapy. '**!°!!6? None 
have yet been shown to produce a useful response. With 
so little time remaining (median of 2.3 months),” the most 
humane palliation would appear to be minimization of 
the further misery inflicted 1atrogenically. 


Conclusions 


Ductal adenocarcinoma of the pancreas is a lethal dis- 
ease. 99% of patients probably already have metastases at 
the time of clinical presentation. Because both resection 
and radiotherapy are treatments of local disease, both 
must fail in most patients. At this time, the prospects of 
an effective screening test to detect pancreatic cancer at 
an earlier, more curable stage seem highly unlikely, and 
therefore the basic problems will continue until an effec- 
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tive form of systemic therapy is devised. At present there 
is none. 

Despite the implications of these depressing statements, 
progress has occurred. We have better means and ability 
to stage an individual cancer, more alternatives for pal- 
liative therapy—some of which require no surgery at all— 
better criteria for deciding what treatment is best for the 
individual patient, very greatly reduced mortality and 
morbidity resulting from resection (when feasible), and, 
in some subgroups, useful prolongation of lite. Even gen- 
uine cures may be slightly increased. 

These changes mean to us that more thought must be 
given to planning the strategy and tactics for each patient. 
. Because of the newer techniques and improved applica- 
tions now available, and because pancreatic cancer is so 
readily spread and implanted by any invasive maneuver, 
even diagnostic needling, we suggest that consideration 
be given to preoperative and postoperative radiation and, 
whenever possible, to referral of patients to definitive 
treatment centers, before invasive diagnostic and thera- 
peutic efforts burn whatever bridges there may have been. 
Diagnostic laparotomy and temporizing biliary bypass 
surgery are unnecessary in most cases and perhaps even 
harmful. Biliary stenting, especially by endoscopic means, 
will allow the time needed to plan appropriately. 

As has been aptly stated,!°*!** a nihilistic attitude on 
the part of the surgeon is inappropriate. We are wiser to 
set our sights on curing those patients who can be cured 
and to aim at better palliation for the majority of patients 
who for now are incurable. These goals are realistic. 
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_A Prospective Evaluation of the Efficacy 
of Preoperative Coagulation Testing 





MICHAEL J. ROHRER, M.D., MICHAEL C. MICHELOTTI, M.D., and DAVID L. NAHRWOLD, M.D. 


The efficacy of routine screening coagulation tests was studied 
to identify occult coagulopathies in patients prior to elective 
general and vascular surgery procedures. The efficacy of 
screening tests was compared to that of indicated tests per- 
formed for predefined clinical indications, which were elicited 
by history and physical examination and a detailed coagulation 
history questionnaire. Tests were prothrombin time (PT), par- 
tial thromboplastin time (PTT), platelet count (PC), and 
bleeding time (BT). Of 514 screening tests done in the 282 
patients, 4.1% were abnormal, but none of them identified a 
clinically significant coagulopathy. Of the 605 indicated tests, 
7.4% were abnormal, and all significant coagulopathies were 
found in this group. The study shows that preoperative screen- 
ing tests for coagulopathies not suspected on the basis of de- 
tailed clinical information are unnecessary and should not be 
done. In the authors’ institution 46% of screening coagulation 
- tests could be eliminated. | 


surgery patient prior to elective surgery typically 

includes the complete blood count with differ- 
ential, urinalysis, and a profile of up to 20 blood chemis- 
try tests. In addition, a coagulation panel consisting of a 
prothrombin time (PT), partial thromboplastin time 
(PTT), platelet count (PC), and bleeding time (BT) is 
frequently performed. In the authors’ institution the 
cost to the patient for all these preoperative tests is cur- 
rently $214.50. The coagulation panel alone costs the 
patient $65.70, which is 31% of the typical preoperative 
laboratory bill. 

The preoperative coagulation panel has been recom- 
mended as part of the routine evaluation of all patients 
and as a screening measure for an unsuspected coagu- 
lopathy.'> Some have suggested that routine screening 
of preoperative patients is unnecessary.°"!! Although not 
generally discussed in the medical literature, fear of a 
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medical malpractice lawsuit may be the most compel- 
ling reason for routine screening coagulation tests. The 
concern that an otherwise healthy patient could bleed to 
death during a simple procedure, when this catastrophe 
could be avoided by preoperative testing, is a powerful 
stimulus for routine screening regardless of cost. 

The efficacy of routine coagulation screening tests in 
the identification of patients having coagulopathies was 
studied and compared with that of a questionnaire de- 
signed to supplement the history and physical examina- 
tion. 


Methods 


All patients admitted to Northwestern Memorial Hos- 
pital general and vascular surgery services on the day 
prior to a scheduled, elective operation under general or 
spinal anesthesia from September 1, 1984 through De- 
cember 31, 1984 were included in the study, which was 
approved by the Human Subjects Institutional Review 
Board of Northwestern University. Informed consent 
was obtained. Outpatients, patients admitted more than 
1 day prior to operation, patients transferred to the sur- 
gical service from another service, and emergency cases 
were excluded from the study. An elective operation was 
defined as one that appeared on the published surgery 
schedule, prepared by noon on the day prior to opera- 
tion. Preoperatively, each patient had a complete history 
and physical examination by the admitting physician, 
completed a questionnaire designed to supplement the 
history and physical examination (Table 1), and had a 
PT, PTT, PC, and BT performed. 

To identify patients predisposed to an abnormal coag- 
ulation system, a comprehensive list of indications for 
preoperative coagulation testing (Table 2) was derived 
prospectively from several sources.*’* On the evening 
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TABLE 1. Questionnaire Given to Patients to Supplement the History 
and Physical Examination 
Today’s Data: 


ge: 
ex: 


Biographical Data 


> 


Name: 


un 


Social Security No.: 


Medications 
In the last 10 days have you taken: Yes 
Aspirin (Anacin, Dristan, Excedrin, etc.)? 
Persantine? 
Coumadin (warfarin)? 
Heparin? 
Antihistamines? 
Antibiotics? 
Sulfasalazine (Azulfidine)? 
Nonsteroidal antiinflammatory drugs? 
Ibuprofen (Motrin)? 
Indomethacin (Indocin)? 
Naproxen (Naprosyn)? 
Phenylbutazone (Butazolidin)? 
Sulindac (Clinoril)? 
Tolmetin sodium (Tolectin)? 


Z 
© 








TET 
EEN 


Z 
O 


Medical Information Yes 

Any problems with excessive bleeding after 
previous surgery, injury, or dental 
extraction? 

Do you bruise easily after minor injury? 

Is anyone in your family a “bleeder” or 
have hemophilia? 

Have you ever had any abnormal excessive 
clotting? 

If so, please list 


2 
O 


Past Medical Information 
Have you ever been diagnosed as having 
renal failure? 
If so, do you require dialysis? 
Have you ever been diagnosed as having 
cancer? 
If so, what type? 
If so, has it spread? 
Have you had chemotherapy? 
Have you had radiation therapy? 
Have you ever been diagnosed as having 
any of the following medical 
problems? 
Hepatitis 
Cirrhosis 
Jaundice 
Liver disease 
Bleeding tendency 
An abnormal spleen 
Abnormal platelets 
Deep venous thrombosis 


a 


WT | 


TEL 
TLD 


prior to operation before the results of the coagulation 
tests were known, each coagulation test was classified 
into either an indicated test or a screening test based on 
the information obtained from the questionnaire and 
from a review of the history and physical examination. 
Indicated tests were those that might be expected to be 
abnormal based on the indications listed in Table 2. 
Screening tests were those not specifically indicated, and 
therefore, were screening tests for an unsuspected coagu- 
lopathy. The results of all coagulation tests were then 
recorded and classified as normal or abnormal. The 
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managing surgeons of patients who had abnormal 
screening or indicated tests were notified of the abnor- 
mal results, and the patients were followed to record 
changes in management such as repeating the test, can- 
cellation or postponement of the operation, or the or- 
dering of platelets, fresh frozen plasma, vitamin K, or a 
larger amount of crossmatched blood. 

Statistical comparisons were made using Fisher’s 
exact test, with the level of significance taken as p 
< 0.05. 


Results 


Of the 839 patients admitted to the general and vascu- 
lar surgery services during the study period, 282 quali- 


TABLE 2. Indications for Coagulation Testing 
(X means the test is indicated) 


Indication PT, PTI PC BT 


History 
Prolonged bleeding 
Excessive bleeding 
Easy bruising 
Unable to give history 


Medications 
Aspirin 
Persantine 
Coumadin 
Heparin 
Antibiotics 
Antihistamines 
Sulfasalazine 
Nonsteroidal anti-inflammatory drugs 


x xX XX 
x xX XK X& 
X XXX 


x X 
x X 


xX X X X 


Past medical history 
Chronic renal failure on dialysis 
Cirrhosis, jaundice Xx 
Splenic disease 
Platelet dysfunction 
Thrombocytopenia 
Carcinoma, metastatic xX 
Radiation therapy 
Chemotherapy 
Abnormal thrombosis 
Deep venous thrombosis 


xxxxxxxx x 
xx X 


X X X 
X XXXX 


Past surgical history 
Splenectomy xX 
Intestinal bypass for obesity 
Prosthetic heart valve x 


Family history of coagulopathy 


x 


x 
x 
x 


Laboratory results 
Elevated bilirubin 
SGOT 
Alkaline phosphatase 
Decreased albumin 
Total protein 
Hemoglobin 


Physical findings 
Petechiae 
Ecchymosis 
Hepatomegaly, nodular liver 
Ascites 
Jaundice 
Splenomegaly 


Diet: Chinese Szechwan food x 


xX KKK & 


xX KKK XK 
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TABLE 3. Summary of Results of Screening Coagulation Tests 


PT PTT PC BT 
Number of patients with 
test performed 123 123 163 105 
Normal 122 120 150 101 
Abnormal, patient 
management 
unchanged l 3 13 4 


Abnormal, patient 


management changed 0 0 0 0 


fed for inclusion. Information from the history and 
physical examination was supplemented by a completed 
questionnaire in 247 patients (88%). Of the 35 unavail- 
able questionnaires, 16 were not collected and 19 were 
not completed because of patient refusal, dementia, or 
illiteracy. The tests from the 35 pétients without com- 
pleted questionnaires were designated as indicated be- 
cause the coagulation history was incomplete. 


Screening Tests 


A total of 514 tests were designated as screening; 21 
(4.1%) were abnormal (Table 3). This represents 45.9% 
of the 1119 screening and indicated tests done on the 
282 patients in the study. 

In 123 patients (43.6%) the PT was designated as a 
screening test. One was prolonged at 17.7 seconds (nor- 
mal: 10-13 seconds) but was normal when repeated. 
Three of the 123 screening PTT tests were abnormal; 
two were shorter than normal, and one was prolonged at 
43.6 seconds (normal: 25-40 seconds). This test, from 
the same patient who had a prolonged PT, was normal 
when repeated. 

The PC was designated as a screening test in 165 of 
the 282 patients (58.5%) but was not done in two pa- 
tients. Of the 163 tests, 150 were normal and 13 were 
minimally elevated (range: 400,000-473,000/mm7°). In 
no case was a screening PC abnormally low, and in no 
case was the management of a patient altered because of 
an elevated PC. 

The BT was designated as a screening test in 107 of 
the 282 patients (37.9%), but it was not done in two 
patients. One hundred one patients were normal (<9.5 
minutes), and four were prolonged at times ranging 
from 10.0 to 14.5 minutes. In three cases with prolonged 
BT the surgeons proceeded as planned and the opera- 
tions were uneventful. In the other patient the BT (11.0 
minutes) was repeated and found to be 5.0 minutes. 

Of the 21 abnormal screening coagulation tests, three 
were false-positives because they were normal when re- 
peated, 15 were abnormal but not indicative of a coagu- 
lopathy (increased PC, short PTT), and three were sug- 
gestive of a coagulopathy. All abnormal screening tests 
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TABLE 4. Summary of Results of Indicated Coagulation Tests 


PT PTT PC BT 

Number of patients with 
test performed 159 159 117 170 
Normal 158 149 97 156 
Abnormal, low 0 7 3 0 


Abnormal, high l 3 17 14 


except the three that were repeated were ignored by the 
surgeon without adverse consequence to the patient. 


Indicated Tests 


One hundred fifty-nine patients were classified as 
having at least one indication for PT and PTT tests 
(Table 4). Of these, 158 had a normal PT and 149 a 
normal PTT. The single prolonged PT (24.0 second) was 
due to warfarin administration. Of the 10 abnormal 
PTT tests, seven were shorter than normal and three 
were prolonged. 

One hundred seventeen patients had one or more in- 
dications for PC. Ninety-seven PC determinations were 
normal, and 17 of the 20 abnormal results were ele- 
vated. Only three patients had an abnormally low PC. 

BT tests were designated as indicated in 175 patients 
and were performed in 170. They were prolonged in 
14 (8.2%). 

A comparison of the number of abnormal screening 
and indicated tests is shown in Table 5. The percentages 
of abnormal results for PT, PTT, and BT tests in the 
screening and indicated groups were not significantly 
different. There were significantly more abnormal PC 
tests in the indicated test group (p < 0.05). 

All the clinically significant coagulopathies detected 
in the patients in this study were found in the indicated 
test group. 


Discussion 


Concern about the mortality and morbidity rates as- 
sociated with a coagulopathy that becomes manifest in 
the operating room and the malpractice liability that 
might be incurred has caused many surgeons to order 
PT, PTT, PC, and BT on all patients before operation. 
In some institutions preoperative coagulation testing is 


TABLE 5. Comparison of Percentage of Abnormal Test Results 
(Abnormal Tests/Total Tests) 


Test Screening Indicated p 
PT 1/123 (0.8%) 1/159 (0.6%) 0.68 
PTT 3/123 (2.4%) 10/159 (6.3%) 0.11 
PC 13/163 (8.0%) 20/117 (17.1%) 0.02 
BT 4/105 (3.8%) 14/170 (8.2%) 0.11 
All tests 21/514 (4.1%) 45/605 (7.4%) 0.02 
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mandated by the regulations of the medical staff. Fur- 
thermore, some have recommended a complete hema- 
tologic evaluation before operation as part of a general 
medical evaluation to assess risk. Morrison has recom- 
mended a profile of six tests, including PT, PTT, PC, 
BT, thrombin time, and analysis of blood morphology.? 
Swanson recommended the same six tests plus clot lysis 
time.” 

The simultaneous needs to reduce costs and maintain 
patient safety has prompted retrospective studies of rou- 
tine screening for coagulopathy using the PT, PTT, and 
PC,'° PT and PTT,’ PTT alone,’ and BT alone.!! All of 
these retrospective studies suggest that preoperative test- 
ing is not indicated in all patients. The current study is 
the first prospective evaluation of routine preoperative 
coagulation testing and the first to examine all four tests. 
Comprehensive criteria derived from the patient history 
and physical examination were used to determine that 
preoperative coagulation testing was indicated. The pa- 
tient questionnaire was designed to supplement the 
standard history and physical examination by the ad- 
mitting physician; it provided more information perti- 
nent to the hematologic system than is usually elicited 
by a physician. When these criteria were applied to the 
general and vascular surgery patients admitted to the 
university hospital for elective surgery, 60% of them had 
indications for at least one test, and 54% of all the tests 
performed were indicated. The 46% that were not indi- 
cated were truly screening tests for an occult coagulopa- 
thy because they could not have been otherwise sus- 
pected. Although 4.1% of the screening tests were ab- 
normal, only three, all minimally prolonged bleeding 
times, were suggestive of a coagulopathy. All three were 
ignored by the surgeon, probably because they were 
minimally prolonged and because the minimally pro- 
longed BT has been shown to have a poor predictive 
value for a surgically significant coagulopathy.'! There- 
fore, this study shows that preoperative screening tests 
for coagulopathies not suspected on the basis of the de- 
tailed historical information and physical examination 
used in elective surgical patients are unnecessary and 
should not be done. 

A system is needed that will identify all patients at risk 
for a coagulopathy at the lowest possible cost. The 
mechanism used falls short of this goal because for pa- 
tient safety selective testing requires criteria sufficiently 
sensitive to identify all patients with a coagulopathy. 
The criteria used were highly sensitive because no clini- 
cally significant coagulopathies were found in the group 
of patients designated as having screening tests. How- 
ever, specificity was sacrificed as illustrated by the simi- 
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lar ratios of abnormal PT, PTT, and BT tests between 
the screening and indicated groups (Table 5). Only for 
PC were the ratios significantly different. 

Because of the large number of indications for testing 
that were defined prospectively and the rarity of some of 
the conditions, not enough patients with each indication 
were entered to test its usefulness in identifying coagu- 
lopathies. To achieve the goal of identifying all coagulo- 
pathies at the lowest possible cost, ongoing data accu- 
mulation and analysis would be necessary. This would 
decrease the number of unnecessary indicated tests. The 
questionnaire and list of indications could be used as the 
basis for the development of indications for preoperative 
coagulation testing at other institutions. Ongoing data 
accumulation and analysis would provide indications 
specific for the patient population served by a given 
institution and would reduce costs. 

Application of the criteria used for indicated tests 
would decrease costs significantly. In these patients 44% 
ofthe PT and PTT tests, 59% of the PCs, and 38% of the 
BTs could be safely eliminated, resulting in savings of 
about $370,000 annually. These savings could be aug- 
mented if the criteria for selecting indicated tests could 
be made more specific by using larger numbers of pa- 
tients and analyzing the yield of abnormal tests from 
each of the indications proposed. 
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Twenty-four patients with liver cell adenomas were referred to 
Paul Brousse Hospital between 1976 and 1987, This represents 
the largest reported surgical experience of this pathology from 
a single centre. Six patients had multiple adenomas, which were 
associated with glycogen storage disease in four. Two patients 
had polyadenomatosis, one of whom underwent successful liver 
transplantation after malignant transformation to hepatocellular 
carcinoma. Eighteen patients (median age of 33 years, range of 
17-45 years) had either a solitary adenoma or two adenomas. 
Fighty-three per cent were women 87% of whom had received 
oral contraceptives or other hormone therapy before diagnosis 
(median duration of 11 years, range of 3-15 years). Fifty per 
cent of these patients presented with acute hemorrhage into an 
adenoma. Seventeen patients underwent surgical resection of their 
adenomas, with the remaining patient currently being treated by 
arterial embolizations to reduce the tumor size before surgery. 
There was no operative mortality or serious morbidity, and all 
patients remain well upon follow-up. Surgical excision of liver 
adenomas, where this can be done without causing mortality, is 
recommended. Resection relieves symptoms and removes both 
the risks of hemorrhaging into the tumour and of malignant 
transformation to hepatocellular carcinoma. 


IVER CELL ADENOMAS are rare benign tumors, 
the incidence of which has increased since the 


introduction of oral contraceptives.' These tu- 
mors are seen principally in women during the period of 
their reproductive activity. Most of these women exhibit 
symptoms, but asymptomatic adenomas are detected with 
increasing frequency after imaging of the liver for unre- 
lated pathology. 
The treatment of these lesions remains controversial 
for four primary reasons. First, there has been a certain 
amount of confusion involved in the classification of be- 
- nign liver tumors, and in particular over the distinction 
between adenoma and focal nodular hyperplasia.” Their 
respective risks are better understood today.“ Second, the 
frequency of hemorrhagic complications of adenomas is 
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difficult to estimate because there are few large series of 
these patients from one institution. Third, the risk of 
transformation to hepatocellular carcinoma is still un- 
clear.! And fourth, the technical difficulties encountered 
in the excision of these tumors has lead to too wide a 
variety of excision policies. Some authors believe that the 
decision regarding excision should be based on the op- 
erative risk“ or size?’ of the adenoma or on the presence 
or absence of symptoms,*:!° whereas others are relatively 
conservative, ”™!!-!3 prefering to observe the tumors after 
the patient is withdrawn from hormone therapy or pro- 
posing alternative treatments such as embolization of the 
arterial supply to the tumor.’ 

The aim of this study is to report the experience of a 
specialist hepatobiliary unit that specializes in the treat- 
ment of liver adenomas. We will explore the parameters 
determining the therapeutic decisions and describe the 
surgical resections performed, in an attempt to define a 
logical approach to the indications and techniques of sur- 
gical resection of these tumors. . 


Patients 


Between 1976 and 1987, a definite diagnosis of liver 
adenoma was made in 24 patients, aged 4-45 years, re- 
ferred to the Paul Brousse hospital group in Paris. The. 
diagnosis was made by experienced hepatobiliary pathol- 
ogists based on either the histology of the resected speci- 
mens (21 patients) or on biopsies performed at laparotomy 
(three patients), corresponding to the pathological criteria 
previously described.'* Particular care was taken to dif- 
ferentiate between these lesions and focal nodular hyper- 
plasia or well-differentiated hepatocellular carcinoma. 

The clinical notes and morphologic investigations of 
these patients were reviewed. The adenomas were con- 
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TABLE |. Patient Details 


Tumor Topography within 
Patient Age Diameter the Liver 
Number (years) Sex (cm) (Segments) 
Multiple adenomas 
1 M 
2 5 M 
3 14 M 
4 21 M 
5 45 F 
6 18 M 
Solitary or two adenomas 
7 27 M 14 VII, VII, I 
8 44 M 13 IV, V 
9 17 M 2 IV 
10 38 F 13 IV, V, Vill 
1! 38 F 20 H, tl 
12 26 F 5 HNI 
13 33 F 17 VII 
5 IV 
14 25 F 15 V, VI 
15 43 F 10 II, I, IV 
16 45 F 18 IV, V, VL VU, VII 
17 39 F [2 V, VI, VH, VIH, I 
18 37 F 8 Vu, VHI 
19 28 F 18 IV, V, VI 
20 27 F 20 IV, V, VI, VU, VII 
21 29 F 8 VI 
5 IV 
22 42 F 15 II, NI 
23 33 F 8 Vil 
24 23 F 18 VII, I 


sidered responsible for the patients’ symptoms when no 
other pathology explaining them was discovered. The to- 
pography of the tumors within the liver was described, 
using the anatomic classification of Couinaud.'> The pre- 
cise vascular relationships of the tumors were defined in 
20 patients who underwent coelio-mesenteric angiography 
and pre- and/or peroperative ultrasonography of the 
liver.!6 Tumor size was measured at ultrasonographic ex- 
amination. The term “adenomatosis” was reserved for 
patients with multiple (greater than ten) adenomas in an 
otherwise normal hepatic parenchyma and without a his- 
tory of androgenic steroid therapy or glycogen storage 
disease.!’ 


Operative Techniques 


All resections were undertaken as elective operations. 
Tumorectomies were performed as excisions passing 
within 2 cm less of the limits of the tumor. Anatomical 
resections were performed as previously described.'® The 
ultrasonic dissector (Cavitron, Laser Sonic Voltaire, 0210 
Aisne, France) was used from 1985 on, particularly when 
the adenoma came into contact with one of the three 
principle hepatic veins. Before 1985, liver resection was 
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Blood Postoperative 
Transfusion Hospital Stay 
Surgical Procedure (units) (days) 
Tumorectomy 0 s 
Biopsy 0 7 
Biopsy 0 4 
Hepatic transplantation 8 24 
Tumorectomy 0 lI 
Hepatic transplantation 5 26 
Right hepatectomy 5 12 
Tumorectomy 3 13 
Tumorectomy 0 12 
Tumorectomy l 14 
Left lobectomy 6 12 
Tumorectomy 0 9 
Tumorectomy 8 1] 
Segmentectomy 
Tumorectomy 0 14 
Left lobectomy 0 10 
+ Tumorectomy IV 
Right hepatectomy 4 12 
Right hepatectomy 3 li 
Right hepatectomy 7 12 
Trisegmentectomy 4 Ik 
Biopsy 0 6 
Tumorectomy 0 8 
Tumorectomy 
Left lobectomy 0 6 
Tumorectomy 0 9 
Right hepatectomy 3 18 


performed using the digits or Kelly arterial forceps to 
fracture the liver substance, thus exposing the hepatic 
portal pedicles and venous radicles for individual ligation. 
Vascular exclusion of the liver, using standard techniques, 
was performed when a central tumor displaced the portal 
bifurcation or hepatic veins. Blood transfusion was per- 
formed so as to maintain hemodynamic stability and a 
normal hemoglobin and hematocrit both during and after 
surgery. 


Results 


Of the 24 patients studied, six had multiple adenomas 
and eighteen had either a solitary adenoma or two ade- 


- nomas only (Table 1). 


Multiple Adenomas 


Patients 1-4 suffered from glycogen storage disease 
(Type I in the case of three patients and Type II in the 
case of one). In two of these patients (4 and 5 years old, 
respectively), the adenomas were discovered at laparotomy 
before portocaval anastomosis. The diagnosis was con- 
firmed by needle biopsy in one, and by excision biopsy 
of a 1-cm lesion in the other. A third child (14 years old) 
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underwent laparotomy and biopsy of multiple lesions ini- 
tially discovered on hepatic angiography. The fourth pa- 
tient (21 years old) has undergone orthotopic liver trans- 
plantation for chronic cholestasis due to compression of 
intrahepatic bile ducts by large adenomas. The remaining 
patients (Patients 5 and 6) suffered from adenomatosis. 
Patient 5, a woman 45 years of age, had taken oral con- 
traceptives for only 15 days 20 years before referral to our 
institution. She presented with sudden onset of upper ab- 
dominal pain, associated with hemorrhage into a 5-cm 
adenoma in segment five. This lesion was resected, at 
which time multiple (>50) adenomas were noted 
throughout the liver. Except for two further episodes of 
acute pain, again related to hemorrhage into adenomas, 
she has remained well during the 6 years of follow-up. 
These episodes settled with conservative treatment. Serum 
alphafetoprotein concentrations have remained within 
normal range. 

Patient 6, aged 16 years, was referred to us only after 
his adenomatosis had degenerated. He had never received 
hormonal therapy and was not diabetic. At the age of 
thirteen, after suffering mild trauma, he had undergone 
emergency laparotomy for abdominal pain at another 
hospital. The laparotomy revealed hemoperitoneum from 
a ruptured nodule in the left lobe of the liver. Multiple 
nodules were present throughout the liver. Left lobectomy 
was performed and histology revealed adenomas. The tu- 
mor-free liver was normal. Ultrasonography and com- 
puted tomography (CT) confirmed numerous (>50) hy- 
perechogenic hypodense nodules throughout the remain- 
ing liver that remained stable over a period of 3 years. At 
this time, he was the subject of a published study." On 
further follow-up, 5 years after the original resection, al- 
though there was no gross change in the morphology of 
the hepatic lesions, the alphafetoprotein concentration, 
which had previously been normal (<9 IU/1), rose dra- 
matically to 300,000 IU/1 over a period of 6 months. Ma- 
lignant transformation was suspected and he underwent 
uneventful orthotopic liver transplantation in February 
1987. He remains well. The resected liver weighed 3.6 kg 
and contained multiple areas of well-differentiated he- 
patocellular carcinoma, among which were areas histo- 
logically recognizable as adenoma. The nontumoral liver 
was normal. 


Single or Two Adenomas 


Of 18 patients, 16 had a solitary adenoma and two had 
two adenomas (Table 1). There were 15 women (median 
age of 33, range of 23-45 years) and three men (17, 27, 
and 44 years of age). Eleven of the 15 women had taken 
combined estrogen/progestogen oral contraceptives (me- 
dian of 11 years, range of 5-15 years), anc two had taken 
other hormone preparations (danazol and clomiphene ci- 
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trate) for a period of 3 years before diagnosis. The re- 
maining two women and three men had no history of 
hormonal therapy. No patients were diabetic. 

Nine patients (50%) without a history of trauma pre- 
sented with sudden upper abdominal pain after hemor- 
rhage into an adenoma. This was followed by pyrexia, 
often associated with elevated white cell count and mild 
anemia, and occasionally associated with mild biochem- 
ical anicteric cholestasis. The acute pain subsided over a 
period of 1-5 days, and was usually replaced by a mild 
chronic discomfort. All of these nine patients had previ- 
ously been asymptomatic. One patient underwent emer- 
gency laparotomy and evacuation of hematoma. The tu- 
mor was not resected because its limits were not easy to 
define, due to the disruption produced by the hemorrhage. 
Three months later, subsequent morphologic examina- 
tions revealed a well-defined residual adenoma, which was 
resected electively. Other presentations included chronic 
pain of the upper right quadrant (two patients), a painless 
abdominal mass (two patients), and hematuria (two pa- 
tients), or hypertension (one patient) due to compression 
of the right kidney by the hepatic tumor. The adenomas 
of the remaining, asymptomatic patients were discovered 
during investigation of a raised gamma glutamyl trans- 
ferase (one patient) and raised inflammatory markers (one 
patient). Two patients were kept under observation else- 
where after discontinuing usage of oral contraceptives for 
1 and 3 years before referral, respectively. In one patient, 
the hepatic tumor remained stable, and in the other, it 
increased in size. 

Upon examination, the only significant finding in these 
patients was hepatomegaly that was occasionally tender. 
By the time of referral, routine blood tests, including liver 
function tests, were usually normal. No patient had ele- 
vated serum alphafetoprotein concentrations. 

Ultrasonographic examination generally revealed hy- 
perechogenic tumors with hypoechogenic centers when 
hemorrhage had occurred. On CT, the tumors appeared 
as focal defects on the static image that were highly vas- 
cular on contrast enhancement with an avascular center 
when hemorrhage had occurred. Angiography was the 
most valuable investigation. The adenomas appeared as 
hypervascular well-circumscribed tumors (Fig. 1) supplied 
by a number of arteries that were displaced around the 
surface of the tumor, causing the margins of the tumor 
to appear hyperemic. The vascular supply was therefore 
from the periphery to the center of the tumor via a leash 
of vessels passing into the tumor substance. There was a 
dense tumor blush during the venous phase. In the pres- 
ence of hemorrhagic infarction, the center of the tumor 
appeared avascular (Fig. 2). A spoke-wheel pattern with 
central venous supply and vessels radiating to the periph- 
ery, late venous pooling, and tortuous vessels were usually 


PENOS ET 


: . Ne 


Vol. 208 « No. 5 


associated with focal nodular hyperplasia. Vascular leak- 
ing, arterovenous shunting, and portal venous invasion 
were associated with hepatocellular carcinoma. 

It was not always possible to differentiate with certainty 
between adenoma, angioma, focal nodular hyperplasia, 
and well-differentiated hepatocellular carcinoma by mor- 
phologic investigations, and biopsies were therefore ob- 
tained. Percutaneous biopsies were avoided because of 
the risk of bleeding from these hypervascular lesions, the 
errors in sampling, or the potential seeding should the 
lesion have been malignant. Biopsies were obtained at 
laparotomy before the commencement of definitive sur- 
gery. 

Macroscopically, the tumors appeared as soft, sharply 
circumscribed masses, usually lighter in color than the 
adjacent liver and often with large surface vessels. The 
topography and largest diameter of the tumors are given 
in Table 1. This diameter was <5 cm in four adenomas, 
5-10 cm in another four, and >10 cm in 12. Upon re- 
section, eleven of the 19 resected adenomas showed mac- 
roscopic areas of hemorrhage, including those adenomas 





FIG. 1. Hepatic arteriogram revealing a well-circumscribed hypervascular 
lesion (arrow) located centrally in the liver. 
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Fic. 2. Hepatic arteriogram revealing a well-circumscribed hypervascular 
lesion (arrow) arising from Segment VI. The center of the lesion is 
hypovascular, representing recent hemorrhage into the adenoma. 


of all nine patients who presented with acute abdominal 
pain. 

Microscopically, the neoplastic cells closely resembled 
normal hepatocytes and showed no features suggestive of 
malignancy. At the periphery, the cells were often larger 
and paler, whereas centrally they tended to be darker, 
showing an irregular plate pattern. The tumors were highly 
vascular with multiple thin-walled sinusoids. There was 
a notable absence of fibrosis, portal radicles, bile duct rad- 
icles, cellular pleomorphism, and vascular invasion. 
Twelve of the 18 resected tumors had a definite capsule. 
although this was usually thin and was not visible upon 
ultrasonographic or CT investigations. Where hemorrhage 
had occurred, the capsule was disrupted. 

Four patients with large vascular adenomas of the right 
lobe extending centrally underwent embolization of the 
arterial supply to the tumor with spongel to reduce the 
tumor size and vascularity. Three of these patients (Pa- 
tients 10, 16, and 19) underwent two embolizations, sep- 
arated by an interval of 3 months, before surgical resec- 
tion. In all cases, the largest diameter of the tumor was 
reduced; in two this was by more than 50%. The fourth 
patient (Patient 20) presented with hypertension due to 
compression of the right renal artery by a 20-cm adenoma 
occupying the entire right side of the liver and Segment 
IV. Initially, the tumor was observed. Hypertension per- 
sisted and the size of this tumor had not changed 3 years 
after the patient’s discontinuance of oral contraceptives, 
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at which time the patient was referred to us for treatment. 
The patient had a small left lobe preventing surgical ex- 
cision, and is currently being treated by arterial emboli- 
zations. After four embolizations, the tumor size has de- 
creased, thus relieving compression of the right renal artery 
with resolution of the hypertension. The only complica- 
tions after embolization were transient pain and fever, 
although Patient 20 also experienced transient renal dys- 
function after the major cytolysis induced by the first em- 
bolization. 

A complete resection of one or both adenomas has al- 
ready been achieved in 17 of the 18 patients. The extent 
of the surgical resections, the volume of perioperative 
blood loss, and duration of the postoperative stay in the 
hospital are given in Table 1. Eight patients underwent 
tumorectomy, five underwent right hepatectomy, three 
underwent left lobectomy, and one underwent trisegmen- 
tectomy (Segments IV, V, VI). The patient awaiting sur- 
gery will probably require right hepatectomy. Total vas- 
cular exclusion of the liver was performed in three patients 
(Patients 7, 8, and 10) to facilitate the resection of centrally 
placed tumors. Median blood transfusion was three units 
(range of 0-8 units). Median postoperative stay was 12 
days (range of 6-18 days). There was no associated mor- 
tality and the only significant postoperative complication 
was one wound infection requiring drainage. On follow- 
up (median of 4 years, range of 6 months to 10 years) all 
patients are alive and well with no evidence of recurrent 
tumor. All have been advised to avoid hormone therapies. 


Discussion 
Multiple Liver Adenomas 


Fifty to 80% of children with Type I or III glycogen 
storage disease develop multiple hepatic adenomas. These 
are usually diagnosed with the second decade of life, but 
can occur as early as at 3 years of age.'”-*! Two of the 
children admitted to our institution were younger than 
10 years old. These tumors may hemorrhage, but they 
also have malignant potential, with transformation to he- 
patocellular carcinoma having occurred in at least four 
patients.'!°?> Porto-caval anastomosis improves most 
manifestations of the disease, but does not prevent hy- 
poglycemia or the development of adenomas. Two of our 
children were referred for porto-caval anastomosis, but 
this treatment has since been supplanted by continuous 
night-feeding schedules that effectively control hypogly- 
cemia and may lead to regression of some adenomas.”” 
More recently, this disease has been proposed as an in- 
dication for hepatic transplantation,” which corrects the 
major metabolic abnormality in the liver, since the phe- 
notype of the transplanted liver permanently retains its 
original donor specificity and removes any adenomas that 
may be present. 
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Liver adenomatosis may be defined as the presence of 
numerous (arbitarily >10) liver adenomas in an otherwise 
normal hepatic parenchyma, in patients without a history 
of glycogen storage disease or androgenic steroid therapy, 
which is also known to induce multiple adenomas.” In 
a recent report of five such cases and a review of eight 
previously reported cases,'’ it was suggested that adeno- 
matosis affects men and women equally and is seemingly 
unrelated to oral contraceptive therapy. The age at time 
of diagnosis ranged from 13 to 75 years, and the progres- 
sion of the lesions appeared to be slow. Malignant trans- 
formation had not been reported, despite the fact that it 
is a well-recognized complication of multiple adenomas 
associated with glycogen storage disease and androgen 
therapy.?>-?’ 

We now report a case of apparently spontaneous trans- 
formation to hepatocellular carcinoma 5 years after the 
original diagnosis of adenomatosis. The possibility that 
the original tumors were well-differentiated hepatocellular 
carcinomas cannot be excluded, but, upon reviewing the 
histology and in view of the length of evolution, seems 
unlikely. This patient has undergone successful liver 
transplantation, and there were areas of recognizable ad- 
enoma present in the resected liver among the hepato- 
cellular carcinoma. In view of this malignant potential, 
adenomatosis may now be considered as an indication 
for liver transplantation. 


Solitary or Two Adenomas 


These tumors occur predominantly in women, and 
have increased in frequency over the past 20 years. Since 
the original report by Baum et al. in 1973, a strong as- 
sociation has been demonstrated between liver cell ade- 
nomas and the use of hormone therapies, particularly oral 
contraceptives. Perhaps the most compelling evidence is 
the reduction in size of adenomas seen in some patients 
upon cessation of oral contraception. !?!?70.29.30-33 Tumor 
involution after discontinuing usage of oral contraceptives 
is inconsistent and does not eliminate the risks of the 
tumor. These risks include hemorrhage, '?** which is often 
sudden and unpredictable, malignant transformation,* 
which is probably rare but unpredictable, and increase in 
size of the tumor,” which may eventually make its surgical 
excision more difficult or impossible. Two of our patients 
were initially observed after discontinuing use of oral 
contraceptives; in neither did the tumor regress, and in 
one patient, it actually increased in size. One other patient 
presented with an acute bleed into an adenoma 9 days 
after discontinuing use of oral contraceptives. 

Our results confirm the serious potential complications 
of these tumors. Fifty per cent of patients presented with 
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acute hemorrhage into an adenoma said to be associated 
with a mortality of 6%.' These bleeds occur in previously 
asymptomatic patients and are usually spontaneous, al- 
though occasionally a history of trauma is present. Similar 
incidences of this complication have been reported by 
others.'*°? The frequency of hemorrhage into liver ad- 
enomas can be explained by their anatomical and patho- 
logical characteristics; adenomas are hypervascular tumors 
containing multiple sinusoids of dilated capillaries with 
thin walls and in which the pressure is high because the 
source of blood is exclusively arterial. The connective tis- 
sue support is poor, and a bleed therefore has a tendancy 
to spread diffusely throughout the entire tumor. Whether 
the hemorrhage remains confined to the tumor or pro- 
duces hemoperitoneum depends principally on the dis- 
tance separating the tumor from the liver surface and, if 
present, the thickness of the capsule, which, in our ex- 
perience, has not been thick enough to be seen on ultra- 
sonography or CT. 

Most bleeds occur in tumors greater than 10 cm in 
diameter, but in this series bleeds occurred into tumors 
of only 5 and 8 cm. Bleeding into small tumors has been 
reported by others.'’?* The diameter of a tumor after an 
acute bleed is, in any case, probably an overestimate of 
the true diameter because the hemorrhage often bursts 
the tumor. 

We advise against the conservative approach to ade- 
nomas proposed by certain authors,””''"'? which involves 
the withdrawal of any etiological stimulus and observa- 
tion. We recommend surgical excision of these lesions 
when this can be done without mortality or serious mor- 
bidity. Excision usually cures the patients of their symp- 
toms, eliminates the possible complications of hemorrhage 
and malignant transformation, and eliminates the pos- 
sibility of observing a malignant lesion that has been in- 
correctly diagnosed as benign. Several factors in this study 
appear to justify this policy: the high incidence of resect- 
ability, the absence of mortality or significant morbidity 
associated with resection, and the excellent prognosis on 
follow-up. 

With its minimal operative risk, this series compares 
favorably with other reports where mortality following 
resection averages 9%.77>°78 384! A detailed study reveals 
that the mortality and morbidity reported were principally 
due to peroperative hemorrhage***!' or major hepatic re- 
sections, particularly of the right liver.**7*** 

Several features of the adenomas in our series explain 
the high risk of hemorrhage during resection and the oc- 
casional need to perform extensive anatomically-based 
resections similar to those performed in most of the pub- 
lished series.™56828-3? First, adenomas were of maximum 
diameter >10 cm in 60% of the cases. Second, in the 
majority of cases, the topography was principally central 
or with central extensions. Third, the tumor-free liver pa- 


i 


LIVER CELL ADENOMAS 563 


renchyma was often small, and in one patient, this ren- 
dered tumor resection unwise. The impossibility of ex- 
cision of certain adenomas or the need to perform exten- 
sive resections incompatible with normal liver function 
in the postoperative period has been reported in several 
other series.**?838 Fourth, the adenomas were hypervas- 
cular always with multiple arterial pedicles, and com- 
pressed the right or left portal branches and/or trunk of 
one of the three principle hepatic veins in 72% of the 
patients. The displacement of hepatic veins by the tumor 
also results in a compromise of the safety of the usual 
anatomical planes of the major liver scissurae, along which 
anatomical resections are performed.'® 

The success and safety of the resections we have per- 
formed can be reasonably explained by certain guiding 
principles. First, systematic arterio-portal control should 
be obtained to the area of liver being resected. When the 
risk of injury to a major hepatic vein is high, total vascular 
exclusion of the liver may be required. Second, dissection 
of the tumor should remove the minimum of nontumoral 
liver parenchyma; (tumorectomy should be performed 
whenever possible, formal anatomic resections only when 
an anatomic necessity). Third, dissections should be 
guided by peroperative ultrasonography, permitting the 
precise location of the limits of the tumor and the position 
of the principle vascular structures in contact with the 
tumor.'® An ultrasonic dissector is a useful adjunct be- 
cause the nontumoral liver has a normal consistency and 
allows easy separation of the tumor from peritumoral 
vessels. 

The excision of an adenoma may be reasonably delayed 
when operating for hemorrhage in the emergency situa- 
tion. The operative risk is higher,**°** and control of 
hemorrhage should be the aim. Residual tumor can be 
excised electively after further morphologic studies. Ex- 
cision may also be delayed for very large adenomas when 
an intervention appears to be high-risk. In these patients, 
arterial embolization enables preoperative reduction in 
tumor size and vascularity. 
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TRAUMA FELLOWSHIP 
Available July 1, 1989 
Philadelphia, PA 


Albert Einstein Medical Center, a university-affiliated hospital 
and Level I Trauma Center accredited by the Pennsylvania 
Trauma Systems Foundation, is seeking a board-certified or 
board-eligible Surgeon to join our Trauma Team as a Trauma 
Fellow. The Fellow will be responsible for clinical and basic 
science research projects, supervision of full trauma service 
consisting of Chief Resident and two Junior Residents and the 
resuscitative, operative and post-operative management of all 
patients on the Trauma Service. 


Our 600-bed hospital has a fully-equipped Emergency Depart- 
ment with a Shock Trauma Room, 16-bed Surgical ICU, 8-bed 
Shock Trauma Unit, a well-established Animal Lab and a hospi- 
tal sponsored helicopter transport service. 75% of our cases are 
blunt injury; 25% are penetrating injury. 


The qualifications for this position include completion of 
approved General Surgery residency, ATLS certification, and 
experience in the care of trauma victims. 


Candidates interested in this Fellowship may contact: Stanton 
Carroll, M.D., Trauma Director. 
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CHAIRMAN 


DIVISION OF SURGERY 


Lutheran General Hospital, one of the Chicago area’s 
most prestigious health care facilities, is seeking a 
highly qualified physician to lead our Division of Surgery. 
Our 715-bed teaching and tertiary care hospital, affiliated 
with the University of Illinois College of Medicine, has 
integrated teaching and research with excellent patient 
care. 









More than one hundred surgeons in all surgical specialties 
comprise the Division of Surgery. The Chairman is 
responsible for planning, coordinating and administering 
patient care, education and research functions of the 
division. Quality of patient care, credentialling and 
recruitment of physicians are important components. 








For this high visibility position, we seek a board 
certified surgeon, with at least five years practice 
experience and a strong administrative background, 
including work with graduate medical education 
programs. 









You will find our facilities convenient at our pleasant 
northwest suburban location. Our compensation and 
benefits plan includes a competitive base salary with 
performance bonus, generous life insurance and a health 
plan with reimbursement for items such as deductibles, 
co-insurance amounts, optical, hearing and orthodontic 
needs. For confidential consideration, please submit a 
curriculum vitae to: Harold A. Shafter, M.D., Executive 
Vice President & Chief Medical Officer. Equal 
Opportunity Employer. 
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The Dartmouth-Hitchcock Medical Center presents 


The Diabetic Foot: New Concepts 
in Diagnosis and Treatment 


AT TOPNOTCH RESORT 
STOWE, VERMONT 


March 16 and 17, 1989 


Faculty will include: 

Jack L. Cronenwett, MD-Dartmouth Medical School 
Michael S. Pinzur, MD-Loyola University Medical Center 
James M. Seeger, MD 
-VA Medical Center, Gainesville, Florida 
Lee A. Witters, MD-Dartmouth Medical School 


The Dartmouth-Hitchcock Medical Center designates this 
continuing medical education activity for 10 credit hours in 
Category 1 of the Physician's Recognition Award of the 
American Medical Association. 


For information, brochure, or registration, write or call: 
Office of Continuing Education in the Health Sciences, 
Dartmouth-Hitchcock Medical Center, 
Hanover, New Hampshire 03756 - (603) 646-5744. 
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Chief, Department of Surgery 


Framingham Union Hospital, Framingham, 
Massachusetts, is seeking a Chief of Surgery to 
direct a strong surgical staff at its 311-bed communi- 
ty teaching hospital affiliated with Boston University. 
The successful candidate will be a dynamic and 
experienced medical and administrative leader, with 
excellent clinical and teaching skills, and a commit- 
ment to education sufficient to qualify for a faculty 
appointment at Boston University. Experience in es- 
tablishing relationships with neighboring institutions 
and in creating a regional center of excellence 
would be an asset. Specific responsibilities include 
organization and development of innovative surgical 
programs, coordination of surgical sub-specialties, 
credentialing and quality assurance, and supervi- 
sion of residency and medical student training. The 
selected candidate must be able to work closely 
with and be responsive to the needs of members of 
the department who are in fee-for-service practices, 
and will represent the Department of Surgery within 
the hospital and the community. 


Please direct Curriculum Vitae to CHAIRMAN OF 
THE SURGICAL SEARCH COMMITTEE, c/o Office 
of the President, Framingham Union Hospital, 
115 Lincoln Street, Framingham, MA 01701. 
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Brief Summary: Please see packages insert for full prescribing information. 
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INDICATIONS AND USAGE: Topical corticosteroids are indicated for the 
relief of the inflammatory and pruritic manifestations of corticosteroid- 
responsive dermatoses. 

CONTRAINDICATIONS: Topical corticosteroids are contraindicated in 
those patients with a history of hypersensitivity to any of the components 


of e i hate 
PRE ONS: General: Systemic absorption of topical corticosteroids 
has produced reversible thalamic-pituitary-adrenal leial axis sup- 
pression, manifestations of Cushing's syndrome, hyperglycemia and 
glucosuria in some a Conditions which augment systemic absorp- 
tion include the applications of the more potent steroids, use over large 
Surface areas, prolonged use and the addition of occlusive dressings. 
Therefore, patients receiving a large dose of a potent topical steroi 
applied to a large surface area and under an occlusive dressing should be 
evaluated periodically for evidence of HPA axis ipa by using the 
urinary free cortisol and ACTH stimulation tests. If HPA axis suppression 
is noted, an attempt should be made to withdraw the drug, to reduce the 
pon ee of application, or to substitute a less potent steroid. Recovery 
of HPA axis function is generally prompt and complete upon discontinua- 
tion of the drug. Infrequently, signs and symptoms of steroid withdrawal 
may occur, requiring supplemental systemic corticosteroids. Children 
may absorb proportionally larger amounts of topical corticosteroids and 
thus be more susceptible to systemic toxicity. (See PRECAUTIONS — 
Pediatric Use.) If irritation develops, topical corticosteroids should be 
discontinued and appropriate therapy instituted. In the presence of der- 
matological infections, the use of an appropriate antifungal or anti- 
bacterial agent should be instituted. If a favorable response does not 
occur promptly, the corticosteroid should be discontinued until the 
infection has been adequately controlled. 
Information for the Patient: Patients using topical corticosteroids should 
receive the following information and instructions: 1. This medication is 
to be used as directed by the physician. It is for external use ay Avoid 
contact with the eyes. 2. Patients should be advised not to use this medi- 
cation for any disorder other than for which it has been prescribed. 3. The 
treated skin area should not be bandaged or otherwise covered or wrap- 
ped as to be occlusive unless directed by the physician. 4. Patients should 
reportany ig of local adverse reactions especially under occlusive 
dressing. 5. Parents of pediatric patients should be advised not to use 
tight-fitting diapers or plastic pants on a child being treated in the diaper 
area, as these garments may constitute occlusive dressings. 
Laboratory Test: The following test may be helpful in evaluating the HPA 
axis suppression: ACTH stimulation test 
Carcinogenesis, Mutagenesis and Impairment of Fertility: Long-term 
animal studies have not been performed to evaluate the carcinogenic po- 
tential or the effect on fertility of topical corticosteroids. Studies to deter- 
mine mutagenicity with prednisolone and hydrocortisone have revealed 
negative results. 
ncy Category C: Corticosteroids are generally teratogenic in labo- 
ratory animals when administered systemically at relatively low dosage 
levels. The more potent corticosteroids have been shown to be terato- 
genic after dermal application in laboratory animals. There are no 
adequate and well-controlled studies in pregnant women of teratogenic 
effects from topically applied corticosteroids. Therefore, topical cortico- 
steroids should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. Drugs of this class should not be 
used extensively on pregnant patients, in large amounts, or for prolonged 
riods of time. 
ing Mothers: Itis not known whether topical administration of cor- 
ticosteroids could result in sufficient systemic absorption to produce 
detectable quantities in breast milk. Systemically administered cortico- 
steroids are secreted into breast milk in quantities NOT likely to have a 
deleterious effect on the infant. Nevertheless, caution should be exercised 
when any topical corticosteroids are administered to a nursing woman. 
Pediatric Use: Pediatric patients a demonstrate greater susceptibility 
to topical corticosteroid-induced HPA axis suppression and Cushing's 
syndrome than mature patients because of a larger skin surface area to 
body weight ratio. Hypothalamic-pituitary-adrenal (HPA) axis sup- 
pression, Cushing's syndrome and intracranial hypertension have been 
reported in children receiving topical corticosteroids. Manifestations of 
adrenal suppression in children include linear growth retardation, delayed 
weight gain, low plasma cortisol levels, and absence of response to ACTH 
stimulation. Manifestations of intracranial hypertension include bulging 
fontanelles, headaches and bilateral papilledema. Administration of 
topical corticosteroids to children should be limited to the least amount 
compatible with an effective therapeutic nla Chronic corticosteroid 
ee ny interfere with the growth and development of children. 
ADVERSE REACTIONS: The following local adverse reactions are reported 
srg pale with topical corticosteroids, but may occur more frequently 
with the use of occlusive dressings. These reactions are listed in an 
approximately decreasing order of occurrence: burning, itching, irritation, 
dryness, folliculitis, hypertrichosis, acneiform eruptions, hypopigmenta- 
tion, perioral dermatitis, allergic contact dermatitis, maceration of the 
skin, secondary infection, skin atrophy, striae, miliaria. 
OVERDOSAGE: Topically applied corticosteroids can be absorbed in suffi- 
cient amounts to produce systemic effects. (See PRECAUTIONS. ) 
DOSAGE AND ADMINISTRATION: Topical corticosteroids are generally 
applied to the affected area as a thin film three or four times daily depend- 
ing on the severity of the condition. Occlusive dressings may be used for 
the management of psoriasis or recalcitrant conditions. If an infection 
develops, the use of occlusive dressings should be discontinued and 
appro riate antimicrobial therapy instituted. 
PPLIED: 1 oz. tube with rectal applicator. ee 
CAUTION: Federal law prohibits dispensing without prescription. 
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Staff Pharmacist 


Are you looking for an opportunity to get away from 
the congestion of city living or the hectic pace of 
working in a large facility? If so, why not consider 
Cary Medical Center in pristine Northern Maine? 
Enjoy a beautiful four seasons setting, offering a 
white Christmas, snowmobiling, cross-country and 
downhill skiing, and abundant lakes and forests for 
camping, fishing, and hunting. We are a 65-bed, acute 
care hospital located in Caribou, Maine. Our fully 
computerized Pharmacy provides unit-dose, I.V. 
admixture, TPN, chemotherapy, etc. A competitive 
compensation package, assistance with interview and 
relocation expenses, and access to a uniquely rural 
lifestyle await the successful applicant. If you’re 
interested in further information and a copy of our 
recruitment video introducing our community and 
facility, please call collect, George Carter, R.Ph., 
Director of Pharmacy, (207) 498-3111, ext. 226 or 
send resume to: 
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Volvulus of the Small Intestine 





RICHARD C. FRAZEE, M.D., PETER MUCHA, JR., M.D., F.A.C.S., MICHAEL B. FARNELL, M.D., F.A.C.S., 


At the Mayo Clinic, six patients with primary volvulus and 51 
with secondary volvulus were treated during a 10-year period. 
Volvulus of the small intestine must be considered when a patient 
presents with small-bowel obstruction, and early operative in- 
tervention should be undertaken to prevent vascular compromise. 


\ A OLVULUS IS A WELL-RECOGNIZED CAUSE of 
acute intestinal obstruction, occurring most of- 
ten in the sigmoid and other areas of the colon. 

Volvulus of the small intestine is rarely encountered in 
the adult population of the United States, but occurrences 
in the populations of certain African, Asian, and Middle 
Eastern nations have been well-documented.'~ There are 
two categories of volvulus of the small intestine: 1) primary 
small-bowel volvulus, in which there are no predisposing 
anatomic abnormalities, and 2) secondary small-bowel 
volvulus, in which an acquired or a congenital abnor- 
mality causes a rotation of the bowel. 

We reviewed the Mayo Clinic experience of small-bowel 
volvulus during a 10-year period with respect to incidence, 
symptoms, laboratory, and roentgenographic abnormal- 
ities, operative procedures, and clinical outcome. 


Materials and Methods 


The clinical records of patients with small-bowel vol- 
vulus seen at the Mayo Clinic from January 1975 to De- 
cember 1984 were reviewed.:The diagnosis was obtained 
from the operative report. Patients with neonatal small- 
bowel volvulus were excluded from the study. A retro- 
spective analysis of presenting signs and symptoms and 
laboratory and roentgenographic abnormalities was un- 
dertaken. All patients were categorized as having either 
primary or secondary volvulus. The results were correlated 
with operative procedure and clinical outcome. 


Reprint requests and correspondence: Peter Mucha, Jr., M.D., Mayo 
Clinic, 200 First St. S.W., Rochester, MN 55905. 
Submitted for publication: February 8, 1988. 
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and JON A. VAN HEERDEN, M.B., Cx.B., F.R.C.S.(C), F.A.C.S. 


From the Department of Surgery, Mayo Clinic and 
Mayo Foundation, Rochester, Minnescta 


Results 


The series involved 57 patients with small-bowel vol- 
vulus (six with primary volvulus and 51 with secondary 
volvulus). At our institution, of the total number of pa- 
tients seen with small-bowel obstruction, 5.7% had vol- 
vulus (Fig. 1). The secondary causes included adhesive 
bands, volvulus around an ileostomy, partial malrotation, 
Meckel’s diverticulum, and volvulus through a wide 
omental or mesenteric defect. The average age of the pa- 
tients was 59 years (range of 1 1-92 years), and there was 
an equal distribution of men and women. 

At presentation, all patients experienced abdominal 
pain, 52 (91%) experienced nausea and vomiting, 42 (74%) 
had abdominal distention, 33 (58%) had obstipation, 32 
(56%) had tachycardia, and eight (14%) had fever. The 
mean duration of symptoms before presentation was 32 
hours, and the mean duration from presentation to surzery 
was 36 hours. 

The main laboratory abnormality was a high leukocyte 
count. Seventy-three per cent of the patients had leuko- 
cytosis, and 68% had a left shift. The mean amylase level 
was 152 U/L (normal being 35-115), and the mean 
alkaline phosphatase level was 163 U/L (normal being 
45-250). 

A flat and upright abdominal roentgenogram was ob- 
tained in all patients, and the findings were consistent 
with the small-bowel obstruction observed in 44 (77%). 
In seven of these patients (16%), the findings were com- 
patible with closed-loop obstruction. Eight patients un- 
derwent contrast studies, and the level of obstruction was 
well-demonstrated in all eight. 

All patients underwent laparotomy. The diagnosis of 
small-bowel volvulus was made or confirmed at surgery. 
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Fic. 1. Causes of small-bowel obstruction in patients seen during a 
3-year period at the Mayo Clinic, l 


Twenty-eight patients (49%) had ischemic or frankly gan- 
grenous bowel at operation. The operative procedure 
consisted of resection with primary anastomosis in 28 pa- 
tients and detorsion with or without lysis of adhesions in 
29. Area of involvement included the ileum in 30 patients, 
the jejunum in 17, and either both the jejunum and ileum 
or the junction of jejunum and ileum in five. In five pa- 
tients, the area of involvement could not be determined 
from the operative report. Seven patients died during their 
hospitalization, accounting for an overall perioperative 
mortality of 12.3%. This rate increased to 21.4% when 
the bowel was ischemic. Causes of death included sepsis 
from peritonitis (three patients), myocardial infarction, 
hepatic failure, pneumonia, and cerebrovascular accident 
(one patient each). In addition, there was a 42% incidence 
of major postoperative morbidity. Average length of hos- 
pitalization was 13 days, including 3 days in the intensive 
care unit. 
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Fic. 2. Frequency of leukocytosis, fever, and tachycardia in patients with 
small-bowel volvulus, according to whether bowel was viable or ischemic. 
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A comparison of patients who had vascular compro- 
mise at surgery with those who had viable bowel at surgery 
showed that the mean duration between onset of symp- 
toms and operation was 68 hours for the patients who did 
not undergo resection and 48 hours for those who did. 
Surgical exploration was performed 6 hours (median time) 
after admission in those patients with ischemic bowel, 
indicating a delay in presentation rather than a delay in 
diagnosis. Patients who had ischemic bowel also had a 
higher incidence of leukocytosis, fever, and tachycardia 


_ (Figs. 2 and 3). 


Discussion 


In the United States, volvulus of the small intestine is 
an unusual cause of acute intestinal obstruction. Duke 
and Yar? have documented that primary small-bowel 
volvulus is one of the mére common surgical problems 
encountered among certain African, Asian, and Middle 
Eastern nations. Tiwari et al.* reported a 14.2% incidence 
of this condition in Kanpur, India, among patients with 
acute intestinal obstruction. 

Volvulus of the small intestine can be differentiated 
into two categories based on cause: primary volvulus and 
secondary volvulus, Primary small intestinal volvulus is 
a condition in which there is torsion of a segment of small- 
bowel mesentery in the absence of congenital bands or 
postoperative adhesions. Several factors have been pro- 
posed as contributing to the development of primary 
small-bowel volvulus. One theory is the presence of a long 
mobile mesentery. Vaez-Zadeh et al.' reported that pa- 
tients with primary small-bowel volvulus have a longer 
mesenteric length and a shorter mesenteric base. Kocnig* 
observed that small-bowel volvulus was much more fre- 
quent among Russian peasants, whose small-bowel lengths 
averaged 6.9 m, than among the German population, 
whose small-bowel lengths averaged 5.79 m. In addition, 
dietary factors have been postulated to predispose primary 
small-bowel volvulus. The practice of consuming large 
high-fiber meals after prolonged intervals of fasting leads 
to forceful bowel peristalsis.” With the abrupt transit of a 
large bulky meal into the proximal jejunum, this heavier 
segment of bowel migrates into the left lower quadrant 
because of an absence of resistance in the pelvis. The 
empty loops of ileum and jejunum are thereby forced in 
a clockwise rotation into the right upper quadrant, pre- 
disposing a torsion of the mesentery. Duke and Yar sup- 
ported this mechanism by demonstrating a striking in- 
crease in the incidence of primary small-bowel volvulus 
in the population of Afghanistan that was associated with 
their religious period called Ramadan.’ During Ramadan, 
the Afghans fast during the daylight hours, then at sunset, 
consume large quantities of food and liquids. This sudden 
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intake of nutrients after fasting may be a predisposition 
to primary small-bowel volvulus. 

Secondary small-bowel volvulus occurs when there is 
an underlying lesion upon which the mesentery can twist. 
The causes are varied, including adhesive bands, mes- 
enteric or omental defects, volvulus around the stoma, 
and volvulus associated with pregnancy.’ Because of its 
presumed rarity, little has been written in the Western 
literature about secondary volvulus. However, Welch and 
Anderson® reported a series of 53 patients from the Glas- 
gow Royal Infirmary during the 15-year period of 1965- 
1980. In their series, 16 patients had no obvious predis- 
posing factors, whereas in the remaining 37 patients, the 
volvulus was acquired as a consequence of a preformed 
anatomic abnormality. Twenty-five patients had gan- 
grenous bowel at operation. Eleven patients died during 
the postoperative period, accounting for a perioperative 
mortality of 21%. The perioperative mortality for those 
patients with gangrenous bowel increased to 47%. - 

Radiographic examination of the patient with small- 
bowel volvulus usually shows findings similar to those of 
small-bowel obstruction, being seen in 44 patients (77%) 
in our series. However, 13 (23%) had unremarkable find- 
ings on plain films. Buranasiri et al.!° have reported the 
characteristic angiographic appearance of small-bowel 
volvulus known as a “barber pole sign,” which is caused 
by spiraling of the branches of the twisted superior mes- 
enteric artery. Cynn and Hodes!’ documented that gas in 
the mesenteric vein (without portal venous gas) is indic- 
ative of gangrene in the small intestine secondary to vol- 
vulus or an internal hernia. Contrast studies can be a use- 
ful adjunct for diagnosis and, in our series, demonstrated 
the area of obstruction in each of the patients in whom 
an upper gastrointestinal (G.I.) tract study was obtained. 

Many attempts have been made to delineate factors 
that indicate strangulated obstruction. Stewardson et al.!* 
emphasized a classic quartet of findings: leukocytosis, fe- 
ver, tachycardia, and localized tenderness. In the current 
series, a comparison of the patients who had ischemic 
intestine with those who had viable intestine showed that 
all patients of both groups experienced pain. No patient 
in the nonresected group had fever (temperature > 38 C), 
whereas 32% of those undergoing resection had a tem- 
perature of greater than 38 C. The incidence of tachycar- 
dia, as defined by a rate of greater than 100 beats per 
minute, increased from 31% to 82% in the presence of 
compromised bowel. Leukocytosis (leukocyte count 
> 10,000/mm7) seemed to be of predictive value for the 
presence of ischemic bowel (Fig. 3). Only 13% of patients 
with a leukocyte count of less than 10,000/mm? required 
resection, whereas 79% of patients with a leukocyte count 
greater than 20,000/mm? had gangrenous bowel. Resec- 
tion was required in approximately 50% of the patients 
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Fic. 3. Distribution of leukocyte count in patients with ischemic volvulus 
of the small intestine. 


with a count between 10,000 and 20,000/mm7. Ideally, 
such patients should undergo surgery before ischemic in- 
jury occurs, but leukocytosis, along with pertinent clinical 
signs, should increase the suspicion of bowel ischemia 
and lead to prompt surgical intervention. 

It has been suggested that the duration of vascular 
compromise is a factor that leads to infarction of the 
bowel. The mean duration of symptoms before surgery 
was 68 hours for the nonresected group, and 48 hours for 
the resected group. This difference should not be misin- 
terpreted as an incentive for prolonged observation. Fur- 
ther analysis revealed that this discrepancy reflected the 
more rapid clinical deterioration of patients with ischemic 
bowel, rather than a difference in the management of the 
patients who had a viable intestine. Only with earlier cp- 
erative intervention, before the onset of vascular com- 
promise, can one anticipate an improved overall outcome. 


Conclusions 


Volvulus of the small intestine is an unusual cause of 
acute small-bowel obstruction. There is a high incidence 
of strangulation associated with volvulus of the small 
bowel. In the present series, the overall mortality increased 
from 12.3% to 21.4% when the bowel was ischemic. This 
increase emphasizes the need for early operative inter- 
vention in order to prevent vascular compromise. 


Summary 


Volvulus of the small intestine is an infrequent cause 
of small-bowel obstruction. At the Mayo Clinic, six pa- 
tients with primary volvulus and 51 with secondary vol- 
vulus were treated during a 10-year period. The presenting 
signs, symptoms, and laboratory abnormalities of these 
57 patients were consistent with other forms of small- 
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bowel obstruction. Forty-nine per cent of the patients had 
vascular compromise at laparotomy and required resec- 
tion. Overall perioperative mortality was 12.3%, and this 
rate increased to 21.4% in patients with ischemic bowel. 
Leukocytosis was a frequent finding in the patients with 
gangrenous bowel. Volvulus of the small intestine must 
be considered when a patient presents with small-bowel 
obstruction, and early operative intervention should be 
undertaken to prevent vascular compromise. 
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Terrorist Bombings 


Lessons Learned From Belfast to Beirut 





ERIC R. FRYKBERG, M.D., F.A.C.S. and JOSEPH J. TEPAS, Ill, M.D., F.A.C.S. 


Experience in the management of mass casualties following a 
disaster is relatively sparse. The terrorist bombing serves as a 
timely and effective model for the analysis of patterns of injury 
and mortality and the determination of the factors influencing 
casualty survival in the wake of certain forms of disaster. For 
this purpose, a review of the published experience with terrorist 
bombings was carried out, providing a study population of 3357 
casualties from 220 incidents worldwide. There were 2934 im- 
mediate survivors of these incidents (87%), of whom 881 (30%) 
were hospitalized. Forty deaths ultimately occurred among these 
survivors (1.4%), 39 of whom were among those hospitalized 
(4.4%). Injury severity was determined from available data for 
1339 surviving casualties, 251 of whom were critically injured 
(18.7%). Of this population evaluable for injury severity, there 
were 31 late deaths, all of which occurred among those critically 
injured, accounting for an overall “critical mortality” rate of 
12.4%. Overall triage efficiency was characterized by a mean 
overtriage rate (noncritically injured among those hospitalized 
or evacuated) of 59%, and a mean undertriage rate (critically 
injured among those not hospitalized or evacuated) of .05%. 
Multiple linear regression analysis of all major bombing incidents 
demonstrated a direct linear relationship between overtriage and 
critical mortality (r? = .845), and an inversely proportional re- 
lationship between triage discrimination and critical mortality 
(r? = 0.855). Although head injuries predominated in both im- 
mediate (71%) and late (52%) fatalities, injury to the abdomen 
carried the highest specific mortality rate (19%) of any single 
body system injury among immediate survivors. These data 
clearly document the importance of accurate triage as a survival 
determinant for critically injured casualties of these disasters. 
Furthermore, the data suggest that explosive force, time interval 
from injury to treatment, and anatomic site of injury are all factors 
that correlated with the ultimate outcome of terrorist bombing 
victims. Critical analysis of past disasters should allow for suf- 
ficient preparation so as to minimize casualty mortality in the 
future. 


dom and ruthless violence against property or 
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to intimidate governments or societies for political or 
ideological purposes.!? The increasing frequency of ter- 
rorist acts occurring on a worldwide scale has served to 
focus attention on the problems that confront those med- 
ical personnel and facilities called upon to organize and 
provide treatment for the victims. The medical response 
to terrorist disasters has, logically enough, developed to 
the most efficient and sophisticated degree in those coun- 
tries which have been most commonly exposed to these 
events.” ” This medical experience can serve as a valuable 
lesson to countries such as the United States in which 
such experience is sparse, but in which the potential for 
terrorist activity is on the rise.? 

The bomb explosion is a particularly devastating and 
increasingly common form of terrorist violence. Successful 
management of this unique trauma requires an under- 
standing of its natural history and epidemiology. A review 
of the published experience with terrorist bombings is 
presented for this purpose. A critical analysis of these data 
in the light of current knowledge of the biodynamics of 
explosive injury should allow identification of the patterns 
of injury and mortality, and of the factors that correlate 
with optimal survival of casualties. 


Clinical Material 


A review of 14 published studies of terrorist bombing 
incidents that occurred between 1969 and 1983 provided 
a combined population of 3357 documented casualties 
for analysis of injury and mortality patterns (Fig. 1). The 
specific circumstances of these incidents were quite vari- 
able and thus warrant a brief overview. 

On October 23, 1983, a four-story building at Beirut 
International Airport in Lebanon, which housed approx- 
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imately 350 U.S. Marines, was demolished in a suicide 
truck-bombing attack that delivered the explosive equiv- 
alent of 5455 kg of TNT.*!° This explosion resulted in 
346 casualties, 234 of whom (68%) were immediately 
killed. Of the 112 immediate survivors, seven late deaths 
(6.3%) ultimately occurred. The majority of survivors 
(86%) were evacuated by air ambulances for definitive 
care after triage and resuscitation aboard a U.S. Navy 
ship that was at the scene. 

In August 1980, a bomb was detonated in the main 
railroad terminal in Bologna, Italy, with an estimated ex- 
plosive force of 20 kg of TNT.!! Two hundred ninety-one 
casualties resulted, 73 of which were immediate deaths 
(25%); 181 of the 218 immediate survivors (83%) were 
admitted to the hospital. There were eleven deaths in this 
latter group (6%). 

A series of 24 terrorist bombings were documented over 
a 4-year period in Jerusalem, Israel.™!? These resulted in 
the hospitalization of 96 of the 314 surviving victims, three 
of whom eventually died. 

Reports of 339 casualties of 77 bombings that occurred 
in Craigavon, Northern Ireland between 1972 and 1980,!3 
and of 1582 casualties of 110 bombings that took place 
in Belfast, Northern Ireland from 1969 to 1972?'*'> doc- 
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FIG. 1. Graphic depiction of 
casualty outcome after ter- 
rorist bombing incidents. 
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ument similar patterns of predominantly noncritical in- 
juries in hospitalized survivors with low mortality rates. 

In 1973 and 1974, there were six terrorist bombings in 
Great Britain that were extensively analyzed in several 
reports.'>!® A car bomb with the explosive equivalent of 
80 kg of TNT was detonated outside the Old Bailey in 
London on February 6, 1973. This explosion resulted in 
160 injured victims, 19 of whom were hospitalized. One 
outpatient survivor died of a myocardial infarction.” In 
July 1974, a bomb containing 4.5 kg of TNT exploded 
within an armory in the Tower of London, causing 37 
injuries. Of the 19 hospitalized survivors one death oc- 
curred.'® Explosions occurred in two crowded pubs in 
Guildford, England in October 1974, killing five people 
and injuring 64, with 24 casualties requiring hospitaliza- 
tion.!f Similar bombings occurred in November 1974 in 
two pubs in Birmingham, England, resulting in 119 ca- 
sualties, 42 hospital admissions, and 21 deaths.'*!” 

The final terrorist incident contributing to this review 
occurred in January 1969 in a U.S. military mess hall in 
Cu Chi, Vietnam. An explosion of 10 kg of TNT was 
detonated during the noon meal, resulting in 46 total ca- 
sualties. There were twelve immediate deaths (26%), and 
twelve survivors were evacuated to U.S. Army hospitals 
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for definitive care. Three deaths occurred in this latter 
group, two of which involved untreated casualties with 
expectant injuries.”° | 


Results 


These 220 terrorist bombing incidents resulted in an 
average of 15.3 casualties per incident (range of 4.5—346). 
There were 423 casualties who died before reaching med- 
ical care (12.6%), and only 881 (30%) of the 2934 im- 
mediate survivors were hospitalized. The ultimate mor- 
tality rate of all immediate survivors was 1.4% (40 deaths), 
and the mortality which eventually occurred among hos- 
pitalized survivors was 4.4% (39 deaths). 

Operations were performed on 812 casualties. Soft tis- 
sue and bone injuries accounted for 84.5% ofall operations 
performed (Table 1). 

An analysis was made of the incidence and mortality 
of specific body system injuries of this combined popu- 
lation of 3357 terrorist bombing victims (Table 2). Al- 
though soft tissue and bony extremity injuries predomi- 
nated among survivors, they did not apparently contribute 
to mortality, with the exception of traumatic amputations. 
These latter injuries were associated with 10% of the deaths 
in the immediate survivor group. Head injury was the 
most common contributor to both immediate fatality and 
late fatality, contributing to 71.4% and 52% of immediate 
and late fatalities, respectively, yet only 1.5% of all sur- 
vivors with head injury ultimately died. Injuries to the 
abdomen and the chest carried the highest probability of 
late deaths among those immediate survivors in which 
they occurred (19% and 15%, respectively). Pulmonary 
blast injury was the most common form of thoracic 
trauma found in immediate fatalities, and although it was 
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TABLE 1. Surgical Procedures Performed on 812 Survivors 
of Terrorist Bombings 


Surgery No. of Casualties (%) 
Soft Tissue 543 (67.0) 
Bone 142 (17.5) 
Abdomen 45 (5.5) 
Head 17 (2.0) 
Miscellaneous (chest, ear, vascular, 
eye, neck, spinal cord, nerve) 65 (8.0) 


rare among surviving casualties, this specific injury still 
accounted for 11% of the overall mortality rate when it 
occurred in immediate survivors (Fig. 2). 

An assessment of the injury severity of 1339 of the 
surviving casualties on whom sufficient data was 
available>:!%!!:!3.16-20 revealed that 251 (18.7%) were crit- 
ically injured (Table 3). The proportion of critically in- 
jured survivors of individual incidents ranged from 7.6% 
to 34%. Determination of injury severity was facilitated 
in three series”!!! by the application of the Injury Severity 
Score (ISS).*! Of this population, 610 casualties (45.5%) 
were admitted to a hospital, and all 251 critically injured 
casualties were in this group. The rate of overtriage, or 
the proportion of noncritically injured survivors hospi- 
talized for immediate care,” was thus 59% overall and 
ranged from 8.3% to 80% (Table 3). There was one case 
that could conceivably be considered undertriage—that 
ofa death due to acute myocardial infarction that occurred 
in a victim of the Old Bailey bombing shortly after his 
discharge from the emergency department.'” Of the 2053 
nonhospitalized survivors of this review this was the only 
death or complication documented (.05%). Of the 1339 
immediate survivors evaluable for injury severity, 31 died, 
accounting for an overall mortality rate of 2.3% in this 


TABLE 2. Relation of Specific Injury to Casualty Mortality in 3357 Victims of Terrorist Bombings 


Incidence in 





Immediate 
Incidence in Immediate Survivors Mortality of Percentage of Deaths 
Fatalities (n = 2934) Specific Injuries* of Immediate Survivors 
ee (n = 40) 
Specific Injury No. % No. - % No. % with Specific Injury 
Head 167+ 71.4} 920 31.4 14 L5 52.04 
Chest — 25.0§ 53! 2.0 8 15.1 21.01 
Blast lung — 47.0§ 18 0.6 ad 11.0 3.7} 
Abdomen — 26.0-34.08 42 1.4 8 19.0 ' 21.09 
Burns — — 146 5.0 4 el 10.0 
Traumatic amputation — — 36 1.2 4 11.0 10.0 
Bony extremity — — 320 10.9 0 0 i — 
Soft Tissue -l — 1624 55.4 0 0 — 





* Deaths of immediate survivors with injury/Total survivors with in- 
jury. 
+ Data from 234 fatalities in Beirut disaster.’ 
¢ Only 27 deaths evaluable. 


§ Data from 305 fatalities in Northern Ireland.'*.!® 
! Only 2620 survivors evaluable. 

T Only 38 deaths evaluable. 

** Only 9 blast injuries evaluable. 
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population. Because all deaths were judged to have oc- 
curred among the critically injured population, a “critical 
mortality” rate of 12.4% was thus derived (Table 3). 
This information was used to determine the relationship 
between the efficiency of triage and the mortality rate of 
triaged casualties. Only those nine terrorist bombing in- 
cidents involving a large number of casualties delivered 
simultaneously to a hospital were applied to this relation- 
ship, 1516-20 in order to accurately evaluate the specific 
influence of triage on casualty survival. A direct linear 
relationship was found between the degree of overtriage 
in these events and the critical mortality rate (Fig. 3). 
Triage discrimination, or the extent to which overtriage 
was avoided by separating casualties with noncritical in- 
juries from those who were hospitalized, was found to be 
inversely proportional to critical mortality (Fig. 4). 


Discussion 


Every disaster involves a unique set of circumstances 
in terms of etiology, environment, casualty load and 
available medical resources. This review indicates that 
several broad principles can nevertheless be applied to the 
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planning and execution of medical care for terrorist 
bombing victims and may contribute to maximal casualty 
survival. 


Planning 


The advance formulation and rehearsal of a disaster 
plan is the first essential element in the successful man- 
agement of the victims, since these incidents are unpre- 
dictable in their timing and location, and typically result 
in large numbers of casualties with distinct patterns and 
complexity of injuries. ™!%!31417,24-27 Such a plan should 
involve the immediate availability of surgeons who are 
trained and experienced in the principles of mass casualty 
triage and the treatment of the multiply-injured victim. 
Protocols for record-keeping are a very important part of 
the planning effort. All victims must be identified and 
tracked through the various levels of care that disaster 
management involves. This not only’assures the conti- 
nuity of care necessary for optimal medical management 
of each victim, but also allows the retrospective assess- 
ment of casualty injuries and treatment, which may ul- 
timately contribute to improving survival in future di- 
sasters,8-!0.21.24 
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TABLE 3. Injury Severity, Overtriage, and Critical Mortality 
of 1339 Evaluabie Survivors of Terrorist Bombings 


Critically | Overtriage in 
Injured Hospitalized Percentage 

Location of Survivors Survivors Late Critical 

Incident (%) (%)* Deaths  Mortalityt 
Beirut 19 (17.0) 77 (80.0) 7 37 
Bologna 48 (22.0) 133 (73.5) 11 23 
Jerusalem 23 (8.5) 73 (76.0) 3 13 
Craigavon 113 (33.0) 29 (20.4) 5 4 
Tower of 

London 10 (27.0) 9 (47.4) i 10 
Old Bailey 4 (2.5) 15 (79.0) 1 25 
Birmingham 9 (7.6) 12 (57.0) 2 22 
Guildford 22 (34.0) 2 (8.3) 0 0 
Cu Chi 3 (8.8) 9 (75.0) l 33 
TOTAL 251 (18.7) 359 (59) 31 12.4 


* Hospitalized survivors with noncritical injuries (percentage of total 
hospitalized survivors). l 
ł Number of deaths among critically injured 


Number critically injured survivors 


Biology of Explosive Injury 


The pathophysiology of explosive injury has been ex- 
tensively studied since the 18th century author Pierre Jars 
first correctly delineated the mechanism of death as “la 
grande et prompt dilation d’air.”'> This mechanism is 
now considered the “primary blast effect,” involving a 
sudden increase in air pressure that is propagated radially 
from the explosion at the speed of sound or greater. The 
degree of damage resulting from the blast wave depends 
upon the magnitude and duration of the peak overpres- 
sure, which, in turn, depends upon the explosive force 
and the environment in which the explosion oc- 
curs. 1516282 Indoor detonations tend to be associated with 
especially severe blast injuries because of a geometric in- 
crease in the pressure wave as it is reflected off walls, floors, 
and ceilings.*® These factors may explain the greater in- 
cidence of critical injuries and casualty mortality from 
the bombings in Beirut, Bologna, Cu Chi, and the Bir- 
mingham and Guildford pubs, as compared with those 
events occurring primarily in outdoor locations or with 
relatively small explosive force, such as the Old Bailey, 
Jerusalem, Craigavon, and Belfast bombings (Fig. 1). 

Theoretically, bodily injury from the blast wave is 
caused by the passage of the blast wave through the body, 
resulting in a disruption of tissues at air-liquid interfaces 
through the effects of “spalling” and implosion.’*75°°°! 
Thus, air-containing organs such as the ears, lungs, and 
bowels are most susceptible to this form of injury, with 
intestinal injury predominating in victims of underwater 
blast, whereas tympanic membrane and pulmonary injury 
predominate in victims of air blasts.?’*? The radiologic 
and pathologic manifestations of injury to these organs 
take the form of parenchymal hemorrhage and laceration 
similar to blunt contusions, !!:!>:!678:3!.33-35 with immediate 
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FIG. 3. Relationship between overtriage rate and mortality of critically 
injured victims after nine terrorist bombing incidents involving the im- 
mediate delivery of large casualty loads. Multiple linear regression analysis 
shows r? = 0.845. GP = Guildford Pubs, TL = Tower of London, BP 
= Birmingham pubs, B = Bologna, OB = Old Bailey, CC = Cu Chi, BE 
= Beirut. 


deaths most often caused by massive coronary and cere- 
bral air embolism.*!*° Late deaths are generally attrib- 
utable to progressive pulmonary insufficiency. Actually, 
these primary blast injuries are rare among survivors of 
air blasts, in contrast to underwater blast victims, pre- 
sumably because there is a rapid dissipation of the pressure 
wave in air within a short distance of the point of deto- 
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Fic. 4. Relationship between mortality of critically injured terrorist 
bombing victims and triage discrimination (difference between noncritical 
injuries of total survivors and noncritical injuries of hospitalized survi- 
vors). Multiple linear regression analysis shows r? = 0.855. See Figure 3 
for abbreviation key. 
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nation. 37 Those victims close enough to an ex- 
plosion to be susceptible to blast injury would most likely 
be killed by secondary and tertiary blast effects.':!° This 
principle is supported by the very low incidence of lung 
injury caused by blast (0.6%) found among the 2934 im- 
mediate survivors reported in this review (Table 2). The 
substantial mortality rate in that small set of immediate 
survivors in whom this injury does occur (11%) empha- 
sizes the importance of its early detection and aggressive 
treatment. >! 

Secondary effects of air blasts caused by debris set in 
motion by the dynamic pressure of the shock wave, and 
tertiary effects caused by the victim’s body being displaced 
into other objects, are the forms of injury that predominate 
among surviving casualties of terrorist bombings. !)!11%8 
Most of these injuries are relatively minor and nonlife- 
threatening soft tissue wounds and bone fractures,”° as 
was found in our combined casualty population (Fig. 2). 
Virtually all major injuries of the head, chest, and ab- 
domen may also be attributed to these mechanisms.” 
Miscellaneous effects of air blasts include burns, inhalation 
of noxious gases, and crush injuries from building collapse. 
Burns are uncommon among survivors of bombings and 
are typically caused by the brief thermal flash of the ex- 
plosion. They therefore tend to be superficial and occur 
only on exposed body areas.*® This accounts for the low 
mortality of these injuries (Table 2). Very powerful ex- 
plosions, explosions at indoor locations, and the occur- 
rénce of secondary fires resulting from bombings can incur 
major burns with higher mortalities.'!° Building collapse 
is a relatively unusual but devastating sequela of bombings 
that likewise results from large quantities of explosive. 6! 


3,15, 16,19,28, 


Patterns of Injury and Mortality 


Distinctive patterns of injury and mortality emerge 
from an analysis of the combined population of 3357 
bombing casualties reviewed herein. The proportion of 
immediate deaths among total casualties appears to be 
related to the overall severity of the explosion in terms of 
the magnitude of explosive force, whether the explosion 
took place at an indoor location, and whether there was 
an occurrence of building collapse (Fig. 1). Although the 
multiple injuries suffered by virtually all immediate fa- 
talities tend to obscure specific causes of death, the type 
of trauma most commonly found in this population was 
head injury.”!>:!¢ Injuries of the chest and abdomen were 
the next most common causes of immediate deaths from 
terrorist bombings (Table 2). These are the same injuries 
that most commonly cause death in all other forms of 
trauma, suggesting that this pattern may be a reflection 
of the tolerance of these body systems to severe injury.” 

The incidence of specific injuries among survivors of 
bombing incidents follows a similar pattern, with head 
injuries predominating among those injuries associated 
with late death (Fig. 2). The incidence of various injuries 
has been related to clothing distribution and relative de- 
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grees of exposure, because torso and extremity trauma 
occur less commonly, and head and neck trauma occur 
more commonly than would be predicted on the basis of 
the total body surface areas at risk, 135 !111216,26 

There are two perspectives from which the relationship 
between specific injuries and ultimate mortality of sur- 
vivors can be viewed. The contribution of deaths from 
one body system injury to total deaths is the conventional 
method used to express this relation. This reflects the de- 
gree to which the involved organs can tolerate injury, or 
the physiologic consequences of tissue destruction.'® Head 
injury caused the most significant number (52%) of the 
late deaths of immediate survivors of terrorist bombings, 
followed by injury to the chest and abdomen, burns, and 
traumatic amputation (Table 2), Again, these are the typ- 
ical causes of death in virtually all blunt trauma.’”*° The 
mortality of a specific injury, representing the number of 
deaths caused by an injury in relation to the total number 
of casualties having that injury, indicates the vulnerability 
of an organ system to damage. It is interesting to note 
that, by this latter measurement, head injury actually - 
caused the least number of deaths among survivors of 
bombings (1.5%), whereas abdominal injury, thoracic in- 
jury, and traumatic amputation accounted for, respec- 
tively, the highest specific mortality rates (Table 2). This 
probably reflects the predominance of relatively minor 
wounds of the head and neck,”° as well as the natural 


protection afforded the underlying organs in all these an- 


atomic areas. The skull and chest wall, for example, pro- 
vide a better shield from injury than does the relatively 
soft abdominal wall. The high mortality incurred by ab- 
dominal injuries has been noted by other authors.*'° The 
surprisingly high mortality caused by traumatic ampu- 
tation (11%) is most likely a reflection of the magnitude 
of blunt force necessary to cause this injury, with death 
probably due to associated critical injuries. It may thus 
be considered a “marker” of severity, and an indication 
for aggressive management whenever it is found. 

Emotional shock affects a substantial portion of bomb 
blast victims, particularly those who are women.” '? Emo- 
tional shock should therefore be considered one of the 
major injuries to be expected in terms of the potential for 
long-term psychological disability. Disaster planning 
should include provisions for emotional evaluation and 
rehabilitation of casualties.”® 


Injury Management 


The management of bodily injuries resulting from ter- 
rorist bombings should involve aggressive and thorough 
unroofing, debridement of devitalized tissue, cleansing, 
and delayed primary closure of the soft tissue wounds 
that predominate, regardless of how minor or innocent 
the wounds appear.**!3:!>!8!941 These injuries are typi- 
cally caused by. high velocity, irregular fragments of 
shrapnel, and debris that result in extensive tissue de- 
struction and contamination. In view of the high mortality 
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associated with abdominal injuries, a liberal approach to 
early laparotomy is warranted for any victim with a po- 
tential for abdominal injury (Table 2). Delay in the ap- 
propriate treatment of critical injuries has been shown to 
be a significant determinant of mortality.'°!*!°2? These 
principles again indicate that the immediate availability 
of experienced surgeons and surgical support personnel 
and facilities is crucial to minimizing the morbidity and 
mortality of immediate survivors of these incidents. 


Patterns of Severity 


The pattern of injury severity among survivors of ter- 
rorist bombing disasters is consistently characterized by 
an overwhelming predominance of relatively minor and 
nonlife-threatening trauma.” 510-11.13,16,18,24-26 The 81,3% 
incidence of noncritical injuries in immediate survivors 
documented in this review (range of 66-97.5%) confirms 
such a pattern (Table 3). This can be attributed to the 
rapid dissipation of the energy of the primary blast wave 
and secondary missiles in air, which tends to be further 
reinforced by the protective effects of the clothing and the 
skin of victims, The external soft tissues thus bear the 
brunt of these dissipated forces, as demonstrated by the 
high incidence of soft tissue injury (Fig. 2). Most casualties 
who suffer severe injuries are generally among those im- 
mediate fatalities who die before reaching medical care 
(Fig. 1). 

One implication of this high incidence of noncritical 
injuries relates to the artificially low level of mortality 
rates that are based on the total group of survivors (Fig. 
1), It would seem most appropriate to base mortality rates 
on the relatively small population of critically injured 
survivors who are truly at risk of death, and in which 
group, at least theoretically, virtually all deaths should 
occur.! The 31 deaths that occurred among the 251 
critically injured, evaluable immediate survivors of this 
review provides a “critical” mortality rate of 12.4% (Table 
3). This is considerably greater than the 1.4% mortality 
rate calculated from the total survivor population or the 
4.4% mortality rate of all hospitalized immediate survi- 
vors, yet the critical mortality rate should more accurately 
reflect the effectiveness of medical care provided the im- 
mediate survivors, as well as the influence of various fac- 
tors that influence that care. It is thus the most appropriate 
figure to use in comparing the results of different disasters. 

The retrospective determination of ISS in survivors of 
terrorist bombings provides an objective and standardized 
method of assessing the distribution of injury severity 
among casualties.2! The value of this application of the 
ISS in the analysis of critical injuries, critical mortality, 
and overall effectiveness of medical management after 
these disasters has been demonstrated.” >H! 


The Role and Importance of Triage 


These principles of casualty management and injury 
severity distribution have an important bearing on the 
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process of triage, which, in view of the sudden and un- 
expectedly large number of victims, must be an integral 
part of the delivery of medical care after terrorist bomb- 
ings. The goal of triage is to identify that minority of crit- 
ically injured casualties who require immediate treatment, 
in order to render that treatment as soon as possible. 747 
The extent to which both overtriage and undertriage are 
carried out is the primary determinant of the overall ef- 
ficiency of this process, and it is generally accepted that 
undertriage is the more necessary to avoid.”* The results 
of casualty triage in the combined population of survivors 
analyzed in this review indicate that this goal was achieved, 
with an undertriage rate of only .05%. The price of 
achieving this low undertriage, however, was a high rate 
of overtriage (Table 3), a finding noted by others.” Al- 
though overtriage is considered more of an administrative 
problem than a medical problem under routine circum- 
stances,” the inundation of hospitals with large numbers 
of noncritical casualties in the aftermath of a disaster may 
very well interfere with the capability of limited medical 
resources to provide timely and adequate care for critically 
injured victims:!° The direct relationship between over- 
triage and critical mortality that emerged from the data 
in this literature review (Fig. 3) confirms that overtriage 
can result in the loss of potentially salvageable lives. This 
finding was reinforced by the inverse relationship found 
between triage discrimination and critical mortality re- 
sulting from these bombing incidents (Fig. 4). The im- 
portance of triage accuracy as a survival determinant in 
mass casualty events is established by these data. Early 
triage should be instituted near the scene of a disaster, 
and this initial sorting should be reinforced at a second 
designated triage area.?* These triage areas should be sep- 
arate from the hospital providing definitive care so as to 
minimize interference with the treatment of critically in- 
jured victims. The confusion and consequent loss of life 
that can result from disorganized rescue and triage efforts 
have been documented by others. t?” These methods 
should serve to optimize triage efficiency and thus mini- 
mize mortality. 

Of the combined population of this review, three im- 
mediate survivors who had suffered expectant injuries 
died. All three casualties died within hours of injury after 
being triaged for immediate care.'°?° This expectant triage 
category includes those injuries with such a high proba- 
bility of mortality that treatment should be withheld, in 
order to most efficiently allocate the limited time and re- 
sources available in mass casualty scenarios. The hospi- 
talization or evacuation of expectantly injured casualties 
for urgent treatment should be considered as overtriage, 
and in the assessment of critical mortality, these casualties 
should not be included in the critically injured population. 
Their inevitable death should also be included among im- 
mediate fatalities, since medical care should not be ren- 
dered. This principle was followed in computing the crit- 
ical mortality and overtriage rates among the survivors 
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of the Cu Chi incident (Table 3), in which two expectant 
injuries were evacuated for immediate care? Adherence 
to these concepts should minimize an artificially unfa- 
vorable skewing of mortality rates, allowing these rates to 
accurately reflect the quality of medical care received. ° 

In summary, relatively few health care providers i in the 
United States have any experience with the principles of 
mass casualty management after terrorist bombings, since 
this country has, for the most part, been spared of such 
attacks.”’ The significant organizational problems, the 
large number of mutilating injuries requiring immediate 
treatment, and the substantial psychological impact on 
the community as a whole can easily overwhelm the av- 
erage hospital that may be suddenly tasked with these 
responsibilities. Different types of disasters, such as fires, 
floods, earthquakes, or shootings, can be expected to result 
in very different patterns of injury, injury severity, and 
mortality.” The purpose of this review was to define only 
those broad principles that-are generally applicable to the 
effective delivery of medical care in the aftermath of ter- 
rorist bombing disasters, as derived from a large combined 
experience documented in the medical literature. It is ev- 
ident that accurate triage is a significant determinant of 
‘casualty survival. The explosive force of the bomb, the 
environment in which the explosion occurs, anatomic sites 
of injury, and the time interval between injury and treat- 
ment are also factors that may correlate with ultimate 
casualty outcome. Analysis of past disasters allows for a 
realistic appreciation of the magnitude and nature of 
problems to be expected. This can significantly contribute 
to minimizing casualty mortality in the future. 
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During the past 19 years, mortality due to burn injuries has 
markedly declined for children at the Boston Unit of the Shriners 
Burns Institute (SBI), dropping from an average of 9% of SBI 
admissions during 1968-1970 to an average of 1% during 1981- 
1986. Detailed statistical analysis using logistic regression was 
necessary for determining whether this decline in mortality was 
explained by changes in patient characteristics, such as age or 
burn size, which are known to strongly influence the outcome of 
burn injuries. This dramatic decline in mortality during the past 
19 years was not the result of change in the age of the patients 
or their burn sizes; rather, it may be attributed to improvements 
in burn care, Results of this statistical analysis indicated that, 
for burn injury patients whose ages ranged from 11 days to 19 
years, age had no demonstrable effect on survival from a-burn 
injury. Children survived burn injuries at least as well if not 
better than the young adult (20-29 years of age). Also, infants 
(Jess than 1 year old) survived as well as other children (2-19 
years old). Dramatic improvement in survival occurred in patients 
with burns covering more than 50% of the body surface area. 
Since 1979, mortality has been essentially eliminated for patients 
with burn sizes less than 70% of the total body surface area (of 
296 patients with burns covering 15-69% of the total body surface 
area, only two patients died). During the period 1979-1986, 29 
of 37 patients (78%) survived an 80% or greater total body surface 
area thermal injury. 


ANY CHANGES IN THE TREATMENT of the 
M burn-injured child have taken place during the 
past 19 years. As a result of these changes, the 
survival rate of children with these thermal injuries has 
increased, and may be equivalent to or higher than that 


of young adults with similar injuries. This improvement 
in survival also seems to include the young infant (less 
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than 1 year old). Others have reported that children sur- 
vive the burn injury as well as adults,'~’ although further 
studies have indicated that children (especially those 
younger than 2 years old) do not fare as well as their 
young adult counterparts." 

In this study, we have examined mortality data at the 
Boston Unit of the Shriners Burns Institute (SBI) of the 
period 1968-1986. This study has included logistic 
regression analysis to determine the statistical significance 
of the influence of patient characteristics on survival when 
recognized factors that are known to strongly influence 
mortality, such as age and burn size, are controlled. Lo- 
gistic regression analysis allows for the comparison of sur- 
vival data for different patient series at different times, 
both within and between institutions. 

This study was undertaken to assess the following: 1) 
whether there are significant differences in mortality 
within the period of study (1968-1986), 2) if mortality 
has changed over time, whether these changes can be at- 
tributed to variations in the age, burn size, or treatment 
instituted during the study, and 3) whether the survival 
of an infant is different from the expected survival of a 
young adult with an equivalent injury. Finally, the results 
of this analysis are compared with a statistical study, using 
probit analysis of the care of pediatric burn patients who 
were treated at the Massachusetts General Hospital 
(MGH) during the years 1939-1954 and 1955-1970 be- 
fore the SBI opened and was fully operational. This com- 
parison provides a continuous period of survival rates at 
a single institution over a 48-year period.®° 


578 
Methods 


Tabulated data were analyzed for 1596 patients younger 
than 20 years of age admitted to SBI since its opening on 
November 2, 1968 until December 31, 1986. These pa- 
tients were admitted within 60 days of receiving their >urn 
injuries for treatment of cutaneous thermal injuries. Of 
these 1696 admissions, 22 patients were admitted but were 
not treated; these 22 nontreated patients were excluded 
from further analysis. Of the excluded patients, 15 were 
considered brain-dead upon admission and were not 
treated, three received an unsuccessful cardiovascular re- 
suscitation within the first few hours of admission, two 
were transferred in extremis from other hospitals 1 week 
after receiving the burn, one patient suffered an unusually 
severe hemolytic process and died during the initial re- 
suscitation efforts, and one patient had received a 100% 
body surface area (BSA) full-thickness burn injury and 
was not treated. The following data were tabulated: 1) age 
of the patient, 2) extent of the burn (summation of second 
and third degree burn, percentage of the BSA), 3) gender 
of the patient, 4) date of burn, 5) date of admission, and 
6) date of discharge. 

The initial 200 patients who were admitted to SEI with 
burns between 10% and 65% BSA were treated with either 
of two treatment methods: 1) excision of the burn eschar, 
immediate wound closure, and topical treatment with sil- 
ver nitrate, or 2) silver nitrate therapy with spontaneous 
(delayed) eschar separation and wound closure.'* After 
comparison of the results of these two treatment methods, 
all subsequent patients were treated with primary excision 
of the eschar, immediate wound closure, anc silver nitrate 
topical therapy. In these initial patients, the primary ex- 
cision had been performed between 12 hours and 18 days 
after the burn injury. After 1972 and as experienze with 
the method was gained, the primary excision was per- 
formed as soon as possible after admission and was usually 
performed within the first 48-72 hours of admission 
(prompt excision). As a general rule, not more than 15- 
20% BSA (not including the donor skin harvest) was ex- 
cised during a single operation. The burn wound eschar 
was removed, using either full-thickness fascial 2xcision 
or sequential excision.'? The wound was closed by grafting 
with one or a combination of the following: au-ologous 
skin (autografts), cadaver skin (allografts), porcine skin 
(xenografts), and skin substitutes.7°*? Wounds (umexcised 
eschar and newly grafted skin) received topical treatment 
with 0.5% aqueous silver nitrate. Patients with burns 
greater than 10% BSA were treated in Bacterial Controlled 
Nursing Units (BCNU) to diminish the incidence of bac- 
terial cross-contamination and to maintain the patient in 
an environment with an elevated ambient temperature 
and relative humidity.” 

For the purposes of analysis, the patients wer2 divided 
into groups based on patient characteristics. Patiznts were 
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categorized by age, using five groups chosen to represent 
age groups of similar risk: less than 1, 1, 2-5, 6-12, and 
13-19 years of age. The burn sizes of the patients were 
examined in deciles (0-9, 10-19, 20-29 . . .) and by a 
four-level classification of burns: 1) small burns (<15% 
BSA), 2) moderate burns (15-49% BSA), 3) large burns 
(50-69% BSA), and 4) massive burns (270% BSA), as 
previously described.”* The patients were also divided in 
four groups of similar numbers, according to dates of ad- 
missions: 1968-1973, 1974—1978, 1979-1982, and 1983- 
1986. 

Initial analyses were performed to describe the char- 
acteristics of the patient population. Further analyses using 
logistic regression techniques were used to examine each 
of the characteristics of interest singly, to assess its un- 
adjusted association with mortality. Lastly, multivariable 
logistic models were fit in order to examine the importance 
of each characteristic on the probability of death, while 
adjusting for the presence of the others. Changes in mor- 
tality over years not accounted for by changes in patient 
characteristics, such as age or burn size, are ascribed to 
changes in the effectiveness of treatment. 

A generalized linear interactive modeling system, 
GLIM System, Release 3.77™ (Numerical Algorithms 
Group, Ltd., Oxford, UK), was used to fit the logistic 
models. The logistic regression model assumes that the 
odds of mortality are given by (equation 1): 


Exp(A za BX; + BoX> totes B,Xn) 


where X,, X2,° °° and X, are independent patient char- 
acteristics, and A and B,, By, and «:~«+ and B, are coef- 
ficients associated with the patient characteristics that in- 
dicate the magnitude of the influence of the corresponding 
characteristic on mortality. Combinations of the popu- 
lation characteristics were considered in the model as a 
sum of terms that included linear, quadratic, and first- 
order interactions. The best-fitting multivariable model 
was found by entering the tabulated patient characteristics 
and all two-factor interactions (e.g., AGE’, age by per- 
centage of BSA, and age by gender). The statistical sig- 
nificance of each term was assessed one-by-one, using the 
likelihood ratio test that determines whether a specified 
term (e.g., year of admission), significantly affects mor- 
tality after the other terms are taken into account. Terms 
that were not statistically significant at p < 0.05 were 
dropped from the model until it was reduced to one con- 
taining only statistically significant terms. Two-factor in- 
teractions of remaining terms were allowed to re-enter 
the model if their associated p-values were no greater 
than 0.05. 


Results 


There was a total of 1674 patients included in the study. 
Of these, 1604 patients (96%) survived. One thousand 


Vol, 208 « No. 5 


Fic. 1. Distributions of ages, 

burn sizes (%BSA), and age 35 
by gender. (Left) Frequency j 
distribution plot for ages for 
the 1674 patients is not nor- 
mally distributed. Except for 
patients 1 year of age, the 
distribution is almost uni- 25 
form. (Center) Frequency 
distribution plot for %BSA of 
the total 1674 patients, also, 
is not normally distributed, 
and is comparable to burn 
size distribution for other pe- 
diatric burned patient pop- 
_ulations.* (Right) Gender 
frequency distributions for 
patients younger than 6 years 
old show that the frequency 5 
of boys is comparable to that 
of girls, but that boys pre- 
dominate the frequency dis- 0 
tributions of the older chil- 

dren when children become 

more active and indepen- 

dent. 
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one hundred and one of these patients (66%) were men. 
The average age was 6.1 years (range: 11 days to 19 years). 
Patients one year of age constituted the age group most 
frequently seen, representing 22% of the patients (Fig. 1). 
One hundred thirteen patients (6.8%) were infants (less 
than | year old). The mean burn size was 22% BSA (range: 
1-98%). The most frequent burn size was less than 10% 
BSA (Fig. 1). Forty-nine per cent of the patients had small 
burns (<15% BSA); 12% (208 patients) had burns that 
were 50% BSA or greater. The number of admissions in- 
creased from 13 patients in 1968 to an average of 99 pa- 
tients per year since 1970. Approximately half of the pa- 
tients were admitted within 24 hours of receiving their 
injury, 60% were admitted within 48 hours, and 82% were 
admitted less than 1 week after receiving the burn. Forty- 
five patients (2.7%) were admitted more than 30 days after 
receiving their burns. The distribution of males and fe- 
males was similar for patients younger than 6 years old 
(Fig. 1). In patients more than 6: years old, males were 
seen two to four times as frequently as females. 


Single Factor Analysis 


Overall mortality declined significantly during the 19 
years of the study, with p < 0.001 (Fig. 2). The average 
annual mortality was 9% during the early years of the 
study (1968-1970), whereas the mortality declined to an 
average of 1 + 0.9% (mean + SD) in the most recent 6- 
year period (1981-1986). In Figure 2, the curve is the 
result of applying the Hanning smoother to the annual 
average mortality rates. 

Burn size also had a statistically significant effect on 
mortality (p < 0.001), with a marked increase in mortality 
as the burn size increased to more than 50% BSA (Fig. 





REDUCED MORTALITY FOR BURNS IN CHILDREN 579 


Meon 22 
Median 15 


Mole 
EE Female 


j 
i 
Ys 
j 
f 





0- 20- 30-40- 50-60- 70- 80- 90- <4 {1 2-5 6421349 
19 29 39 49 59 69 79 89 98 
AGE, years 


BURN SIZE, % 


3). The mortality for small burns («15% BSA) was 0%; 
the mortality rose steeply for burn sizes >50% BSA, in- 
creasing to a 65% mortality for burns 90-98% BSA. 

For the young ages in this study group (11 days to 19 
years), no consistent age trend was found in mortality for 
the sample population as a whole (Fig. 4). For the total 
group, the mortality was 4.2%. For the patients 1-2 years 
old, mortality dropped significantly to 0.8%. The mor- 
talities for both the patients of the less than 1-year-old 
group and for those of the 6~-12-year-old group were 
greater than the overall mortality (4.2%). The low mor- 
tality for the 1—2-year-olds may be partially explained by 
their having fewer than average large and massive burns 
(250% BSA), as shown in Figure 5. However, the infants 
(less than | year old) had a higher than average mortality, 
even though this same group also had a low incidence of 
large and massive burns. 

In every age group, mortality increased with increasing 
burn size. Within each class of burn sizes, there was a 
tendency toward decreasing mortality with age, although 
the rate of change in mortality that occurred with age 
varied across burn sizes. Table 1 shows patterns of mor- 
tality based on the patients’ ages for the four burn-size 
classes. All patients with small burns survived; mortality 
for patients with moderate burns was higher for infants 
(8.9%) than for older patients (1.3%, on the average’; and 
for massive burns, the oldest patients had slightly lower 
mortality (27% for patients 13—19 years old vs. 43% for 
patients younger than 13 years old). For patients with 
large burns, mortality decreased for those aged 2-5 years, 
increased for 6—12-year-olds, and decreased again for those 
13~19 years old (Table 1). The optimal method for de- 
termining whether age has a significant effect on mortality 
requires multivariate logistic modeling in order to control 
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Fic. 2. Overall mortality versus year. The ordinate is the number of 
patients who died during a given year divided by the total number of 
admissions for the same year. The year 1968 represents the opening of 
the SBI; SBI was not fully operational until 1970. The overall mortality 
has markedly declined, from an annual average of 9% of SBI admissions 
during 1968-1970 to an annual average of 1% during 1981-1986. 
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Fic. 3. Mortality versus burn size. Mortality is markedly associated with 
burn size, especially when the burn size is greater than 50 %BSA. The 
dependence of mortality upon burn size is nonlinear and appears ex- 
ponential in character. 
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Total Number 4674 
Average Mortality 4.2 % 
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Fic. 4. Mortality versus age. Age does not show a consistent effect on 
mortality in this pediatric population (ages range of 11 days—19 years). 


for effects of other variables, such as burn size and year 
of injury, which also influence mortality. 

Time from burn injury to admission to SBI significantly 
influenced mortality. For patients admitted to SBI less 
than 30 days after receiving their burn injuries, mortality 
increased as delay in time to admission increased (Fig. 
6A). None of the patients admitted 30 days or more after 
receiving their injury died. Because of the significant 
change in mortality at approximately 4 weeks, the uni- 
variate logistic model that best describes the effect of time 
to admission on mortality includes both a linear and a 
quadratic term to describe this statistically significant effect 
(p = 0.017). 

A more detailed description of mortality for the 1368 
patients who were admitted during the first week after 
receiving their burns is shown in Figure 6B. The mortality 
for patients admitted within 12 hours was 3.2%, which 
was lower than the average mortality for the patients ad- 
mitted during the first week (3.8%). For patients in whom 
treatment was initiated before transfer, mortality increased 
with time to admission up to the third day. Average mor- 
tality was lowest for patients transferred on the third and 
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Fic. 5. Distribution of age by burn size. Patients younger than 2 years 
of age have fewer large and massive burn injuries than the older children. 
The frequency of these large and massive burns increases linearly with 
age as children become more active and independent. 


fourth days. This reflects patients who survived resusci- 
tation and were transferred before becoming septic. This 
group of patients did not include those who were unsuc- 
cessfully resuscitated elsewhere, but only represents pa- 
tients who were healthy enough to survive resuscitation 
and transfer. Average mortality for patients transferred 
after the fourth day postburn was higher than for those 
transferred during all previous periods and was similar to 
that of patients transferred during the second week. 

The overall mortality for females (4.9%) was higher than 
the corresponding mortality for males (3.8%). This dif- 
ference in mortality was not statistically significant. 


Multivariate Analysis 


Overall mortality declined during the period of 1968- 
1987, as seen in Figure 2. Because age, burn size, time to 
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Fics. 6A and B. Mortality versus time to SBI admission, (A) Mortality 
for patients who were admitted to SBI 1-8 weeks after receiving burn 
injury. (B) Detailed mortality of those patients admitted during the first 
week. 


admission, and treatment all influence burn mortality, 
the decline in overall mortality may have been the result 
of changes in these factors over the period of study. The 
annual average age of patients remained essentially con- 
stant at 6 years throughout the study period 1968-1986 
(Fig. 7). The annual average time to admission decreased 
slightly from an average of 7.1 days during the first 3 years 
of SBI operation (1968-1970) to an average of 3.9 days 
during the last 3 years (1984-1986), as shown in Figure 
7. The annual average burn size initially increased from 
22% in 1968 to 30% in 1973, and thereafter decreased to 
19% in 1986 (Fig. 7). When the total sample was divided 
into four “year of admission” groups and four burn-size 
groups, as described in the Methods section, there was an 
increasing proportion of patients with small burns (<15% 
BSA) and a decreasing proportion of moderate and large 
burns (15-49% and 50-69% BSA) over time, as shown in 
Figure 8. The frequency of massive burn injuries remained 
constant at 2% of patients admitted. Therefore, a decrease 
in the average burn size may partially account for the 
overall declining mortality. 


TABLE 1. Mortality Based on Patient Age and Burn Size 


Burn Size 
% Mortality (Number of Patients) 


Age 
(Years) 1~14% BSA 15-49% BSA 
<l 0 (63) 8.9 (45) 

l 0 (234) 1.7 (120) 
2-5 0 (203) 2.2 (186) 
6-12 0 (198) 0.5 (188) 

13-20 0 (125) 1.0 (104) 
Total 0 (823) 1.9 (643) 


* Percent mortality omitted if less than 5 patients in the group. 


50-69% BSA 70-98% BSA Total 
* (3) * (2) 5.3 (113) 
8.3 (12) * (1) 0.8 (367) 
4.2 (24) 42.0 (33) 4.3 (446) 
24.0 (38) 45.0 (42) 6.2 (466) 
15.0 (20) 27.0 (33) 4.6 (282) 
15.0 (97) 39.0 (111) 4.2 (1674) 
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Fic. 7. Average burn size, age, and time to admission versus year. The 
abscissa is year for each variable, The ordinate is %BSA, age in years, 
and time to admission in days. The average ennual %BSA increased 
initially and then decreased over the 19 years of the study; the annual 
average age does not change over the 19-year period; the average time 
to admission declined slightly over the 19 years period. (Mean + SEM) 


Reduced mortality over time occurred most dramati- 
cally in the large (50-69% BSA) and massive burns (=70% 
BSA), based on a comparison of patient mortality, using 
the four time periods and burn size classes (Fig. 9). The 
mortality for large burns declined from 29% of the earlier 
period (1968-1973) to 0% in the later period (1983—1986); 
likewise, the mortality decreased from 60% to 23% for 
the massive injuries. This analysis reflects a general trend 
of improvement in mortality for burn sizes =15% BSA. 

Logistic regression analysis permitted a determination 
as to whether age, burn size, year of admission, time from 
burn to admission, and gender were significantly asso- 
ciated with mortality after adjusting for the variations in 
frequencies with respect to one another (Figs. 5 and 8). 
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Using a sum of combinations of linear and quadratic terms 
formed from the patient characteristics and their two-way 
interactions, the best-fitting model predicting the log of 
the odds of death (logit) was (equation 2): 


logit = 9.33 
+ 0.0827(% BSA)-0.213(YEAR)-0. 186(TIME) 
+ 0.0260(TIME)*-0.000666(TIME)* 


where logit is the natural logarithm of the ratio of the 
probability of dying to the probability of living, % BSA is 
the percentage of the body surface area burned, YEAR is 
the calendar year of admission (1968, 1969, . . . 1986) 
minus 1900, and TIME is the time from burn to SBI 
admission in days. The coefficients of % BSA and YEAR 
are Statistically significant at p < 0.001, and the combined 
effect of time to admission is significant at p < 0.025, 
using two-sided likelihood ratio tests. 

Age did not affect mortality when burn size, year of 
admission, and time to admission were taken into ac- 
count. This was suggested in Table 1, in which age did 
not show a consistent pattern of mortality at different 
burn sizes. Gender also did not influence mortality. In 
addition, no potential interaction terms such as % BSA 
and YEAR, and no quadratic terms such as (% BSA)’ 
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Fic. 8. Distribution of burn size by year. The decrease in annual average 
burn size may be explained by an increasing frequency of small burn 
sizes. Frequencies of large and massive burn sizes were constant over 
time. 
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were statistically significant. As seen in Equation 2, the 
mortality was optimally described by only three of the 
five independent patient characteristics studied (burn size, 
year of admission, and time to admission). This had been 
suggested by data shown in Figures 2, 3, and 6, which 
demonstrated the strong influences of these characteristics. 

The logistic model closely agreed with the raw clinical 
data, as shown in the plot of survival versus year for burn 
size groups (Fig. 10). The filled symbols are the raw clinical 
data previously shown in Figure 9; the smooth curves 
(A-D) are theoretical values resulting from Equation 2 
with % BSA = 6.6, 26, 57, and 83, respectively. The % BSA 
values used for each of the smooth curves were taken 
from the average burn sizes of the clinical data for indi- 
cated burn size groups. 


Discussion 


Mortality has markedly diminished in recent years for 
children with burn injuries. The overall mortality at the 
SBI (Boston Unit) has decreased from an average mortality 
of 9% of admissions for the years 1968-1970 to an average 
mortality of 1% for the more recent period of 1981—1986. 
This diminished mortality may be the result of at least 
three factors that are recognized as determinants of mor- 
tality in the burn injury: 1) changes in burn sizes of the 
patients over the period of study, 2) changes in ages of 
the patients over the period of study and 3) improvements 
in the overall treatment of the burned patients. In addition 
to the above determinants of mortality, in this pediatric 
patient population, time to admission was also found to 
significantly influence mortality. No single factor—burn 
size, age, or time to SBI admission—completely accounted 
for the observed diminished mortality. As a result of de- 
tailed statistical analysis, including multivariable logistic 
regression to control for age and burn size, statistically 
significant increased surfival of the pediatric burn patient 
at SBI may be attributed to improvements in treatment. 

Improvements in burn care of the pediatric patient have 
paralleled the previously reported improvements in burn 
care treatment of adult patients at the Massachusetts 
General Hospital (MGH).*:* Before 1970, when the SBI 
began full operation, all burn patients, including the pe- 
diatric patients, were admitted to the MGH; since 1970, 
patients under the age of 15 have been treated at the SBI. 
Barnes reported detailed studies using univariate probit 
analysis on these pediatric patients treated at MGH during 
the periods 1939-1954 and 1955-1970.®* Univariate 
probit analysis with comparison of the LAso (lethal burn 
size area for 50% of the patients) for the two time periods 
(1939-1954 ys. 1955-1970) did not show significant dif- 
ferences in survival between these two periods. Therefore, 
the data shown in Tabie 2 is from the 1939-1954 period 
and is considered representative of both periods. Although 
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Fic. 9. Mortality versus time by burn size. Mortality has markedly de- 
clined in the massive burn size group. Mortality has been essentially 
eliminated in moderate and large burn sizes of 15-69% BSA during the 
most recent time period (1983-1986). 
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the overall mortality was similar for the 1939-1954 period 
(4.6%) as compared with the recent 1968-1986 period 
(4.2%), there has been dramatic progress in survival within 
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FIG. 10. Logit curves of survival versus time for selected burn sizes. The 
ordinate is survival and abscissa is year of SBI admission. The smooth 
contour curves are the results of the logit function (Equation 2) with the 
indicated %BSA and TIME that were averages of these parameters in 
these BSA groups. The solid data points represent patient survival data 
taken for the indicated burn size groups and plotted versus year. Because 
the patient data was plotted at the midpoint of each 4-year group, each 
data point has variances in both the x and y directions, which are nct 
shown. 
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TABLE 2. Mortality Burn Size 

1939~54* 1968-86 

% Mortality % Mortality 

Burn Size (Number of Patients) (Number of Patients) 

1-4% BSA Q (85) 0 (289) 
5-14% BSA 0 (89) 0 (534) 
15-24% BSA 0 (23) 0 (312) 
25-34% BSA 11.0 (9) 0.6 (181) 
35-44% BSA 50.0 (4) 4.2 (118) 
45--100% BSA 100.0 (7) 25.0 (240) 

Total 4.6 (217) 4,2 (1674) 


* Data from 1939-1954 is shown; data from 1955-1970 is not shown. 


burn size groups and especially in moderate and larger 
burns sizes. In the earlier period (1939-1954), there were 
no survivors of burn sizes greater than 45% BSA. Even 
taking the patients in the current study (1968—1986) as 
an entire group, the expected mortality for the current 
study is dramatically lower than that of the previous stud- 
ies (1939-1970). In addition, as seen in Figures 2 and 10, 
even the expected mortality rates of the current study have 
declined dramatically from 1968 to 1987. 

Many reports have suggested that children, particularly 
small children (less than 4 years of age) had a diminished 
probability of surviving as compared with the expected 
survival of young adults (20-29 years old) with equivalent 
burn injuries.*~!’ Survival curves (plots of survival rates 
vs. age for various burn sizes) have been reported that 
demonstrate peaks in survival in the 20-29-year decile, 
with decreased expected survival for either younger or 
older patients with equivalent burn injuries." On the other 
hand, recent reports agree with those suggesting. that the 
expected survival for children with burn injuries is at least 
as good as if not better than the survival of young adults 
with equivalent burn injuries.'"’ As a result of the detailed 
statistical analysis of this report, we believe that young 
children, including infants, survive burn injuries as least 
as well as young adults,”* and that, according to the logistic 
model, within the young age group (11 days to 19 years), 
age does not influence survival at all. 

The mortality results described in this report are con- 
sistent with the recent experience of others. In a com- 
parable pediatric age group, Herndon reports an overall 
mortality of 2.7% during the years 1982-1986 for 1057 
patients, as compared with 1% during the years 1981- 
1986 in this report.* In particular, he noted a decreased 
mortality (41% of 32 patients) for patients with burn sizes 
80% or greater; this bears comparison with the results of 
the present study, which demonstrates a mortality of 22% 
for 37 patients with a burn size of 80% or greater during 
the years 1979-1986. The LAso of the two studies was 
also comparable with a LAs of 95% BSA that was reported 
by Herndon for the period 1982-1986; the present series 
shows an LAso of 99% BSA for the vear 1984. This latter 
estimate results from Equation 2 using a logit(0.5), YEAR 
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= 84, and TIME = 3.2 (average time to SBI admission 
in 1984). In another recent report, Bowser also reports 
excellent survival of children with burn injuries with an 
LAso of 82% BSA for those 4 years old or younger during 
the period 1975-1980.° 

Presence of significant pulmonary burn injury is con- 
sidered an important determinant of the mortality of a 
given patient.”°° We do not believe that the frequency 
of the pulmonary burn injury of these patients has changed 
over the period of study (1968-1986), and therefore, we 
do not believe that the improvements in survival can be 
attributed to differences in the frequency of pulmonary 
burns. We have not included pulmonary injury as a mor- 
tality determinant in this study because we may only doc- 
ument a pulmonary injury in the emergency ward as being 
present, and have not been able to accurately predict its 
severity. 

In this study, both the descriptive and statistical data 
strongly indicate that the improvement in mortality from 
1968-1986 is substantially due to improvements in patient 
treatment. Without a controlled study, it is not possible 
to identify any single treatment factor. However, the par- 
ticular patient population described in this study has re- 
ceived the benefits of many investigations that resulted 
in improvements in the care of burned patients. During 
1969-1974, a prospective trial of primary excision and 
immediate wound closure was conducted in patients at 
the SBI.'® Results of this trial suggested an improved sur- 
vival rate and a shortening of the length of hospitalization. 
Based on this experience, combined with substantial im- 
provements in anesthetic techniques,” prompt excision 
and immediate wound closure became the standard treat- 
ment at SBI. The experience of other groups using this 
approach has been similar.” Early experience with skin 
banking and preservation of human skin resulted in the 
availability of allografts for wound closure.” Bacteria 
Controlled Nursing Units (BCNU) were developed to re- 
duce bacterial cross-contamination among the patients 
and to provide a controlled environment of elevated am- 
bient temperature and relative humidity for the individual 
patient.” Recent experience with similar techniques has 
also confirmed the benefits of isolation methods in the 
prevention of bacterial cross-contamination.*» In these 
same patients, it was reported that there was a dramatic 
improvement in survival from massive burn injuries, us- 
ing immunosuppression with azathioprine or antithy- 
mocyte globulin (ATG), along with longer-term wound 
closure with cadaver donor skin grafts.” More recently, 
skin replacement with both artificial skin and cultured 
epidermis to provide immediate physiologic wound clo- 
sure has been studied in these patients, yielding encour- 
aging results.7!:77 

Many other improvements in the total care of these 
patients have also contributed to their improved survival. 
In particular, these improvements include highly skilled 
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nursing care, as well as attention to nutrition, respiratory 
care, and preventive antibiotics. In addition, other changes 
in patient care have occurred. Improvements in topical 
wound management now allow increasing numbers of 
patients with smaller acute burns to be treated as outpa- 
tients. Because the treatment method of prompt excision 
and immediate wound closure requires that most of these 
treatment modalities be used simultaneously to optimize 
the physiologic, metabolic, and immunologic status of 
the patient, it will be impossible to separate the individual 
influences of these improvements in patient management 
on survival from the influence of excisional treatment 
methods alone. 


15. 


16. 
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Extracorporeal Shock Wave Lithotripsy (ESWL) 
in the Management of Complex Biliary Tract 


Stone Disease 
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The use of extracorporeal shock wave lithotripsy (ESWL) in 
the management of ten patients with complex biliary tract stones 
is described. General or epidural anesthesia was used in all cases, 
and stone fragmentation was performed, using an unmodified 
Dornier HM3 waterbath lithotripter (Dornier Medical Systems 
Inc., Marietta, GA). In ail cases, biliary drainage was established 
before the procedure to allow contrast visualization during and 
after the procedure, as well as to ensure free drainage of the 
common bile duct. Indications for ESWL included failure of bas- 
ket extraction (4 cases), unfavorable anatomy (duodenal diver- 
ticulum, previous Billroth II reconstruction, hepatic duct stone, 
gallbladder stone, cystic duct remnant stone), and immaturity of 
the T-tube tract (2 cases). Cholangitis was the presenting di- 
agnosis in four cases. Fragmentation cf the stones was successful 
in all patients; in two cases, two ESWL sessions were needed 
for stone disruption. Morbidity was minimal (there was a minor 
elevation of LDH and transaminases and asymptomatic hemo- 
bilia and hematuria); pancreatitis did not occur. After ESWL, 
hospital stays ranged from 1 to 13 days (mean of 5.3 days). 
ESWL can be a valuable adjunct in the management of patients 
with complex biliary stones. 


ETAINED STONES after common bile duct explo- 
R ration represent a significant source of morbidity, 

affecting an estimated 4000 patients in the 
United States each year.! Over the past two decades, 
numerous nonoperative approaches to the problem 
have been developed.*> Basket extraction techniques 
along matured T-tube tracts, or after endoscopic retro- 
grade cholangiopancreatography (ERCP) and endoscopic 
sphincterotomy*? have become the treatment of choice 
for retained stones. T-tube tracts nave also been used for 
the manipulation of stones, using the choledochoscope,°? 
for the direct application of lithotripsy,° and for the in- 
stillation of stone-dissolving agents.“ 
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Despite these advances, there remains a group of pa- 
tients in whom these techniques fail or are unduly haz- 
ardous. ERCP is technically difficult to perform in patients 
with periampullary duodenal diverticula or after previous 
upper gastrointestinal (G.I.) surgery.’ Percutaneous 
transhepatic biliary tract access may be impossible if the 
biliary tract is not dilated.* T-tube tracts cannot be used 
until mature, usually 5-7 weeks after operation.’ More- 
over, certain types of stones (notably intrahepatic and 
cystic duct remnant stones) are not usually accessible with 
these techniques. Basket extraction methods may fail due 
to tract disruption, excessive bleeding, or extravasation,” 
or in the presence of large (2-cm or greater) stones.’ 

Extracorporeal shock wave lithotripsy (ESWL) was first 
used in the transurethral management of urinary bladder 
calculi.!° The extracorporeal treatment of urinary tract 
calculi was described in 1980'' and has revolutionized the 
treatment of this common disorder. The first application 
of lithotripsy to gallstone disease was reported in 1975 by 
Koch and co-workers, who applied the technique to stones 
directly through common bile duct catheters. The ex- 
tracorporeal treatment of biliary tract stones was intro- 
duced by Sauerbruch, who has used ESWL successfully 
in the management of both common bile duct and gall- 


` bladder calculi.’ 


The role of ESWL in the management of calculous 
biliary disease remains to be defined. At present, its great- 
est promise is as an adjunctive measure in the manage- 
ment of the complications of biliary stone disease. We 
herein report our preliminary experience with ESWL in 
the management of ten patients with complex biliary 
stones. 
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TABLE 1. Patient Characteristics 
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Patient 
Number Age Sex Presentation Operation 
Í 54 M Cholangitis Chole + CBD 
i Exp 
2 69 F Right upper quadrant pain Chole 2 years 
previous 
3 30 F Retained stones after CBD Chole + CBD 
Exp. Exp. 
4 65 F Cholangitis Cholecystostomy 
5 53 F Jaundice Chole + CBD 
Exp. 
6 68 F Cholangitis Chole 27 years 
previous 
CBD Exp 13 yrs 
‘previous 
7 25 F Retained stones Chole + CBD 
Exp 
8 69 M Epigastric pain jaundice Chole 18 years 
previous 
9 83 M Cholangitis Chole 22 years 
previous 
Billroth H 
gastrectomy 
. 10 64 M Jaundice Chole + CBD 
Exp. 


Ten patients treated (average age of 58 years). Two patients (Patients 
2 and 5) required two sessions. Avérage number of shocks required to 
fragment stones: 2240, Power settings 18-22 kV. 

CBD = common bile duct. 


Patients and Methods 


Patients were considered candidates for lithotripsy if 
conventional techniques of stone removal had failed or 
were believed to be inappropriate. The decision to proceed 
with ESWL was made in consultation with the attending 
surgeon, radiologist, and a urologist experienced in the 
use of the lithotripter (Richard W. Norman). Informed 
consent was obtained from each patient. 

Lithotripsy was performed using an unmodified HM3 
Dornier waterbath lithotripter. All patients who did not 
have a T-tube in place underwent endoscopic sphincter- 
otomy and placement of a nasobiliary catheter, or failing 
that, a percutaneous transhepatic catheter. This permitted 
radiographic visualization of the stone, and ensured 
drainage of the biliary tree in the event of obstruction by 
stone fragments. General or epidural anesthesia was used 
in all cases. Patients were placed in the waterbath in either 
the supine (eight patients) or prone position (two patients), 
Power settings of 18-22 kV were used, with between 525 


CBD 
Stone Location Drainage ESWL 
Two [8-mm distal T-tube 6 weeks post op ; 
CBD 1550 shocks p 
One 2-cm distal ES + nb tube 7 days post-ES 
CBD Ist-2100 shocks 
2nd-3200 shocks 
One stone distal T-tube 20 days post op 
CBD 1600 shocks 
Hartmann’s ES 8 weeks post op 
pouch 1800 shocks 
Right hepatic duct T-tube 7 weeks post op 
ist-2449 shocks 
2nd-2250 shocks 
Multiple stones ES+nbtube 4 days post-ES 
distal CBD 2325 shocks 
One stone distal T-tube 10 days postop 
CBD 625 shocks 
7-mm stone distal ES +nbtube 9 days post-ES 
CBD 525 shocks 
2-cm stone distal PT drain Day of PT drain placement 
CBD 2625 shocks 
One stone distal T-tube 13 days post op 
CBD 1350 shocks 


PT drain = percutaneous transhepatic catheter. 
Chole = cholecystectomy. 

ES = endoscopic sphincterotomy. 

nb tube = nasobiliary catheter. 


and 3200 shocks being delivered in each session. Two 
patients required a second session of ESWL for successful 
stone destruction. 
Pre- and post-ESWL liver function tests and serum 
amylase were obtained. In two patients, bile was tested 
for blood after the procedure; when stone fragments were 
available, they were analyzed qualitatively. A cholangio- 
gram was obtained 24 hours after ESWL treatment. 


Results 


Ten patients with complicated biliary stones have been 
treated to date (Table 1). The mean age of the four men 
and six women was 58 years (range of 25-83 years). In- 
dications for ESWL are summarized in Table 2. Stone 
destruction has been possible in all cases. Morbidity has 
been minimal, with transient elevation of lactic dehydro- 
genase (LDH) and aspartate transaminase (AST) being 
the only observed abnormalities (Fig. 1). No cases of pan- 
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TABLE 2. Indications for ESWL* 
Humber 
Indication cf Cases 
Unfavorable anatomy for ERCP 2 
Periampullary duodenal diverticulum 
Previous Billroth II gastrectomy 
Unfavorable anatomy for basket extraction 3 
Hepatic duct stone 
Cystic duct remnant stone 
Gallbladder stone 
Immature T-tube tract 2 
Failed basket extraction 4 


* In one case, two separate indications were present. 


creatitis have been seen. Hospital stays after ESV/L ranged 
from | to 13 days (mean of 5.3 days). 
Representative cases are described in greater detail. 


Patient l 


A 54-year-old man with acute cholangitis underwent a 
cholecystectomy and common bile duct exploration (Figs 
2A-C). At operation, a large store could not be removed 
from the distal common duct; a T-tube was let in situ, 
and 6 weeks later, the patient was referred for tasket ex- 
traction. A cholangiogram showed two stones in the com- 
mon bile duct (one 18 X 15 mm, and the second, 15 X 12 
mm) and smaller stones in the common hepetic duct. 


(iu/L) 





Pre-ESWL Post-ESWL Pre-ESWL Pos:-ESWL 
LDH AST 


Fic. 1. Elevation of LDH and AST was the only biochemical at-:normality 
seen after ESWL. Bilirubin and alkaline phosphatase levele were not 
affected by treatment; amylase was normal in all nine patient. in whom 
it was measured. 
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ERCP and endoscopic sphincterotomy were precluded 
by the presence of a periampullary duodenal diverticulum. 
ESWL was carried out, delivering 1550 shocks to both 
stones. They were successfully fragmented, and basket ex- 
traction of the remaining fragments via the T-tube tract 
was successful. Subsequent cholangiography demon- 
strated clearance of the duct. Minor elevations of alkaline 
phosphatase and AST were seen after ESWL, but serum 
amylase remained normal. 

Comment. ERCP with endoscopic papillotomy is tech- 
nically more difficult to perform in the presence of a duo- 
denal diverticulum.’ In this case, management was further 
complicated by the large size of the two stones. ESWL 


- enabled fragmentation of these stones and facilitated their 


extraction via the T-tube tract. 


Patient 2 


A 69-year-old woman presented with a 4-week history 
of pain of the upper right quadrant 2 years after under- 
going cholecystectomy (Figs. 3A and B). Ultrasonography 
revealed a dilated common bile duct. Endoscopic sphinc- 
terotomy with basket extraction was unsuccessful; a na- 
sobiliary drain was placed, and the patient was transferred 
to our institution, where cholangiography revealed a 20 
x 17-mm stone in the distal common bile duct. ESWL 
was performed, delivering 2100 shocks and fracturing the 
stone. Six days later, ESWL was repeated, this time de- 
livering 3200 shocks. The stone was broken into many 
small pieces that were easily removed with the Dormia 
basket. Transient elevations of LDH and AST followed, 
but no change in serum amylase was seen. 

Comment. Endoscopic sphincterotomy with basket ex- 
traction may fail in the presence of a large stone. In this 


case, two courses of ESWL resulted in fragmentation of 


a single large stone into multiple smaller pieces, which 
readily passed through the sphincterotomy. The alterna- 
tive would have been surgical biliary-enteric bypass. 


Patient 3 


A 30-year-old woman underwent cholecystectomy and 
common bile duct exploration. Four stones were removed 
from the common duct. The postoperative T-tube chol- 
angiogram revealed a stone impacted in the cystic duct 
remnant. Three days later, the stone migrated to the am- 
pulla, and pain and jaundice developed, despite the T- 
tube drainage. Attempts to flush out the stone with saline 
were unsuccessful, and because she had undergone cho- 
lecystectomy less than 3 weeks earlier, the T-tube tract 
was not sufficiently mature for basket extraction. ESWL 
delivered 1600 shocks, fragmenting the stone and allowing 
the pieces to pass spontaneously. A follow-up cholangio- 
gram performed 5 weeks later was normal. Mild increases 
in serum LDH and AST occurred after ESWL. 
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FIGS. 2A-C. Patient No. 1. (A) T-tube cholangiogram before ESWL in 
this 54-year-old man with a periampullary duodenal diverticulum. Arrows 
indicate two large retained stones. (B) After ESWL, the two large stones 
have been fragmented into multiple smaller pieces. (C) Basket extraction 
of the fragments though the T-tube tract has been successful, and the 
biliary tract is free of stones. 
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Fics. 3A and B. Patient No. 2. (A) After endoscopic sphincterotomy and placement of nasobiliary drainage tube (double arrow). The large stone 
(arrow) could not be pulled through the widely cut sphincter. (B) After ESWL, the large stone is fragmented (arrows). The small fragments passed 
spontaneously. 


Comment. Cystic duct remnant stones are difficult to 
retrieve using basket extraction techniques.” This case was 
further complicated by the development of symptomatic 
common duct obstruction, despite the presence of a T- 
tube. Basket extraction via a T-tube tract is normally de- 
layed for 5-7 weeks to permit maturation of the tract.® 
ESWL obviated these problems with no significant mor- 
bidity. 


Patient 4 


A 65-year-old frail and debilitated woman was trans- 
ferred to our hospital with cholangitis. Ultrasonography 
revealed gallbladder stones, a dilated biliary tree, and an 
obstructed distal common bile duct. At laparotomy, ex- 
tensive inflammation in the porta and a previous upper 
right quadrant transverse colostomy precluded cholecys- 
tectomy, and a cholecystostomy was performed. A post- 
operative cholangiogram revealed a single gallbladder 
stone and a stone in the distal common bile duct. En- 


doscopic sphincterotomy was undertaken. Although bas- 
ket extraction was not possible because of excessive 
bleeding, the common duct stone passed spontaneously. 
The gallbladder stone remained impacted in Hartmann’s 
pouch, and attempts at basket extraction led to extrava- 
sation. One week later, no further extravasation was dem- 
onstrated on cholangiography; ESWL was carried out, 
delivering 1800 shocks to the gallbladder stone. The stone 
was fragmented, and straining of the bile revealed many 
small fragments of a pigment gallstone. A subsequent 
cholangiogram was normal, and the cholecystostomy tube 
was removed. LDH and AST were moderately elevated 
after ESWL; serum amylase remained normal. After the 
procedure, bile was negative for blood. 

Comment. This case demonstrates the complementary 
nature of surgery, radiographic manipulation, and ESWL 
in the management of complicated biliary stone disease. 
Because of previous upper right quadrant surgery, cho- 
lecystostomy and endoscopic papillotomy proved to be 
the safest surgical option, and resulted in the clearance of 
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the common duct stone. Cholecystectomy would have 
been a hazardous undertaking, even after cholecystos- 
tomy; ESWL permitted stone fragmentation, and the pre- 
vious sphincterotomy obviated the theoretical risk of ob- 
struction of the common bile duct by stone fragments. 


Patient 5 


A 53-year-old woman admitted to the Emergency 
Department presented with jaundice. Ultrasonography 
showed common bile duct stones and a dilated biliary 
tree, and a transhepatic cholangiogram revealed complete 
distal common bile duct obstruction. A cholecystectomy 
and surgical exploration of the common bile duct were 
performed. The postoperative T-tube cholangiogram re- 
vealed a 15 X 13 mm-stone obstructing the right hepatic 
duct. ESWL was performed, but 2449 shocks failed to 
fragment the stone. Twelve days later, ESWL was re- 
peated, and 2250 shocks successfully fragmented the stone 
into multiple fragments less than 5 mm in size. These 
fragments were easily removed by basket extraction. 
Serum LDH was elevated after both ESWL sessions, and 
returned to normal between treatments. Alkaline phos- 
phatase and AST were likewise elevated after each treat- 
ment, but amylase remained normal. After ESWL, bile 
tested positive for blood. Analysis of stone fragments in- 
dicated that they were pure cholesterol stones. 

Comment. Retained stones in the intrahepatic biliary 
tree have traditionally required biliary-enteric drainage 
procedures, and occasionally even hepatic resection. In 
this case, ESWL resulted in the fragmentation of a single 
large stone into multiple smaller fragments that were 
readily retrieved through the use of conventional basket 
extraction techniques. In some cases, more than one ses- 
sion of ESWL is required to achieve stone fragmentation. 


Patient 6 


A 68-year-old woman was admitted with cholangitis 
27 years after undergoing cholecystectomy, and 13 years 
after surgical exploration of the common duct for a re- 
tained stone. Ultrasonography revealed a recurrent com- 
mon bile duct stone. Endoscopic sphincterotomy was 
performed; a single stone and pus were expressed from 
the common duct, but several stones remained. A naso- 
biliary drain was placed, and the patient’s condition im- 
proved upon receiving antibiotics. ESWL delivering 2325 
shocks was performed 5 days later. A follow-up cholan- 
giogram showed no residual fragments, and good drainage 
into the duodenum. AST elevated slightly after ESWL, 
but other liver function tests and serum amylase remained 
normal. 

Comment. ESWL can be a valuable adjunct in the 
management of cholangitis. In this patient, ESWL treat- 
ment of residual stones enabled early removal of the na- 





sobiliary catheter, and eliminated the need for a surgical 
procedure with its attendant morbidity. 


Patient 9 


An 83-year-old man was admitted with cholangitis 22 
years after undergoing cholecystectomy. Past history in- 
cluded a gastrectomy with Billroth II reconstruction for 
peptic ulcer disease. Ultrasonography showed dilated 
ducts, and percutaneous transhepatic cholangiography 
demonstrated a 20 X 15-mm stone in the distal common 
bile duct. Antibiotic therapy led to improvement in the 
patient’s clinical condition, and after resolution of fever, 
lithotripsy was employed. A total of 2625 shocks were 
delivered 5 days after percutaneous placement of a trans- 
hepatic drainage tube, with complete disappearance of 
the stone. AST was mildly elevated after ESWL, but other 
liver function tests and amylase remained normal. 

Comment. ERCP may be technically impossible to 
perform in the patient who has had a previous Billroth II 
reconstruction, and particularly when the patient has a 
long afferent limb. In the case of Patient 9, ESWL relieved 
the common bile duct obstruction, allowing resolution of 
cholangitis with minimal morbidity. Surgical intervention 
in this elderly debilitated patient would have been asso- 
ciated with significant risk. 


Four patients presented with cholangitis, three with 
jaundice, and one with pain alone. In two other cases, 
residual stones were asymptomatic and were detected 
upon performing follow-up T-tube cholangiography. 

ESWL was successful in all ten cases. The number of 
shocks needed for successful stone fragmentation ranged 
from 525 to a total of 5300, with a mean of 2240; two 
patients required two courses of ESWL. Stones passed 
spontaneously in five cases, whereas basket extraction was 
required in three. Two other patients were left with resid- 
ual fragments small enough to pass spontaneously. 

ESWL was effective for both pigment and cholesterol 
stones. Morbidity was minimal; three patients developed 
minor skin bruising at the point of entry of the shock 
waves. Hemobilia was discovered in one of two patients 
who had the bile tested for blood; after ESWL, transient 
hematuria was seen in the majority of cases. 


Discussion 


In the majority of cases, retained stones after surgical 
exploration of common bile duct are readily removable. 
Basket extraction performed at 5-7 weeks via a T-tube 
tract is the method of choice when a T-tube has been left 
in situ. Endoscopic sphincterotomy with basket extraction 
is effective in cases where no T-tube is present. Stone- 
dissolving agents represent another option in the man- 
agement of retained stones, although they have not gained 
widespread popularity. With the introduction of ESWL, 
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another modality has become available for the manage- 
ment of the complicated biliary tract stone. 

Experience with ESWL to date is limited to isolated 
case reports and small series. Using ESWL, Sauerbruch 
et al. treated nine patients with gallbladder stones and five 
patients with common bile duct stones.!? All of the five 
patients with common duct stones represented cases where 
basket extraction was unsuccessful. Subsequently, Gelfand 
et al. described the use of ESWL for the fragmentation of 
common hepatic duct stones in two patients,'* and Becker 
and co-workers reported the treatment of two patients, 
one with a cystic duct remnant stone!’ and the other with 
choledocholithiasis causing cholangitis.'° Endoscopic 
sphincterotomy with nasobiliary catheters, T-tube com- 
mon duct drainage, or percutaneous transhepatic catheter 
drainage has been a requirement for the use of ESWL, in 
order to permit the introduction of contrast to visualize 
the stone, to decompress the biliary tree, and to ensure a 
tract for passage of stone fragments. 

The optimal number of shocks needed to produce stone 
fragmentation has been variable. Sauerbruch used be- 
tween 500 and 1350 shocks (mean of 890) with success 
in all but one patient, who subsequently required open 
choledochotomy. None of their patients developed any 
abnormalities on liver function testing.'? In two of our 
patients who received 625 and 525 shocks, respectively, 
no change in liver enzymes was seen, suggesting that a 
threshold number of shocks are required to induce mild 
hepatocellular injury. Becker et al. employed 2350 shocks 
to fragment a cystic duct remnant stone.'> They reported 
transient fever and temporary hematuria, but did not 
comment on liver function tests. Their second patient, 
an 88-year-old man with cholangitis, received 2605 shocks 
over the course of two sessions; alkaline phosphatase and 
bilirubin levels returned to normal after the procedure.'® 
Gelfand et al.'* used 1500 shocks in each of their two 
patients with common hepatic duct stones. They do not 
comment on liver function test results. Pancreatitis has 
not been seen after ESWL treatment of bile duct stones, 
and serum amylase is reported normal in every patient 
in whom it has been measured. 

Several reports have appeared describing the use of 
ESWL for gallbladder stones.'*'’ It has been used in con- 
junction with bile salt-dissolving agents, and in patients 
having one to three small stones in a functioning gall- 
bladder. The role of lithotripsy in the primary treatment 
of gallstones remains to be defined, but with the appear- 
ance of newer generations of cheaper, smaller ultra- 
sonographic-guided units that do not use the bulky wa- 
terbath, the proponents of this technology will become 
increasingly numerous. Already, editorials have appeared 
displaying a great deal of enthusiasm about this still-ex- 
perimental technology.!*!° 
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Our early experience indicates that ESWL is a valuable 
adjunct in the treatment of difficult biliary tract calculi. 
We currently use ESWL when there is a contraindication 
to basket extraction techniques, or when basket extraction 
is unsuccessful. The success of this technique in the man- 
agement of complicated stones has prompted us to un- 
dertake a clinical trial to evaluate the use of ESWL for 
the routine management of retained stones after common 
bile duct exploration. Early lithotripsy may eliminate the 
need for prolonged T-tube drainage and avoid manipu- 
lations with a Dormia basket. 
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Gastric Carcinoma in Young Adults 
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I 


Of 720 patients with gastric carcinoma treated over a 6-year 
period, 37 (5%) were 35 years of age or younger. They differed 
from older patients in that the usual sex ratio was altered (18 
men: 19 women), and in certain histologic features. Poorly dif- 
ferentiated or undifferentiated lesions predominated (34 patients), 
and the distribution of histologic types was unusual; two thirds 
each were of the diffuse type (Lauren classification) or signet 
ring type (World Health Organization classification), and over 
three quarters were infiltrative (Ming classification). Intestinal 
metaplasia was absent in the majority of patients, and gastritis 
was less commonly seen than in older patients. Although most 
patients had long histories of disease and advanced disease, the 
TNM stages and the proportion undergoing curative resection 
(8%) were similar to those seen in older patients. Except for one 
who has survived 5 years, all patients in this study have died. 


HETHER GASTRIC CARCINOMA in the young 
W differs in any way from that seen in older pa- 

tients has been a controversial issue. It has 
been suggested that there is a higher proportion of 
women!™ and of undifferentiated tumors*** in young 
patients. Both a late presentation with a poor outcome,*® 
as well as a presentation and outcome similar to that of 
older patients'*° have been reported. We have studied 
those patients at our institution who are 35 years or youn- 
ger to establish whether they differed in any way from 
older patients. 


Patients and Methods 


We reviewed the records of all patients 35 years of age 
or younger with gastric carcinoma who were managed at 
our institution from 1980 to 1985. Over this period, all 
cases of gastric carcinoma were registered prospectively 
with the recording of clinical findings, pre- and intra- 
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operative staging, pathologic categorization, management, 
and follow-up. All patients had chest radiographs, a double 
contrast barium meal, endoscopy with biopsy, biochem- 
ical screen, routine hematologic indices, abdominal ul- 
trasonography, and, in selected cases, computed tomog- 
raphy (CT) scanning of the upper abdomen. The Union 
Internationale Centre le Cancer (UICC) TNM’ system 
was used for clinical and pathologic staging. Patients not 
undergoing laparotomy had the T stage assessed from the 
barium meal and the M stage from the presence of ascites 
or evidence of hepatic metastases on ultrasonography. 

All histologic material was reviewed. When sufficient 
information was available, the histologic material was 
classified according to the Lauren® System (35 patients), 
World Health Organization (WHO) System? (35 patients), 
and Ming System”? (28 patients). Twenty-two cases were 
assessed for intestinal metaplasia, which was classified as 
either complete or incomplete.'' Gastritis was assessed on 
the lesser curvature in the distal stomach in pyloric-type 
mucosa (14 patients) and in the proximal stomach in 
body-type mucosa (15 patients). The frequency distri- 
bution of histologic features was compared with the re- 
viewed material from our previous experience with pa- 
tients of all ages.'? 


Results 


During the 6-year period of this study, 720 new patients 
with gastric carcinoma were registered, 37 of whom (5%) 
were 35 years old or younger, and 14 of whom (2%) were 
30 years old or younger, with the youngest patient being 
21 years old. There were 18 men and 19 women. Thirty- 
two patients (87%) were of mixed ethnic background; four 
(10%) were black, and one (3%) was white. During the 
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TABLE 1. A Comparison of Histological Features 
in Young Patients* and Patients of all Ages 











Young Unselected 
Lauren classification (n = 35) (n = 86) 
Diffuse 23 (66%) 26 (30%) 
Intestinal 6 (17%) 48 (56%) 
Undifferentiated 6 (17%) 9 (10%) 
Mixed intestinal/diffuse 0 3 4%) 
WHO classification (n = 35) (n = 86) 
E Tubulo-papillary 5 (20%) 47 (55%) 
3 Signet ring 23 (66%) 21 (24%) 
i Undifferentiated 7 (14%) 15 (17%) 
> Mixed tubulo-papillary/signet ring 0 3 (4%) 
Ming classification (n = 28) (n = 57) 
Expansile 4 (23%) 26 (46%) 
Infiltrative 14 (77%) 31 (54%) 
Intestinal metaplasia (n = 22) (n = 55) 
Complete 7 (32%) 42 (76%) 
Incomplete 1 (5%) 27 (49%) 
None 15 (68%) 10 (18%) 
Pyloric gastritis (n = 14) (n = 42) 
Absent 1 (8%) 0 
Superficial 1 (8%) 1 (2%) 
Atrophic 12 (86%) 41 (98%) 
Body gastritis (n = 15) (n = 44) 
Absent 2 (13%) 2 (4%) 
Superficial 6 (40%) 6 (14%) 
Atrophic 7 (47%) 36 (82%) 
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* Patients 21-35 years of age. 


period of the study, 50% of all hospital inpatients were of 
mixed ethnic background, 22% were black, and 24% were 
white. Two patients had a family history of gastric car- 
cinoma, with the disease having developed in at least one 
near relative. 

The duration of symptoms ranged from 1 to 96 weeks, 
with a mean of 27 weeks. In seven patients, the length of 
history exceeded 1 year. The most common symptom 
was dyspepsia, reported by 16 patients, most of whom 
had been treated with several peptic ulcer drugs. The sec- 
ond most common presentation was insidious, involving 
weight loss, anemia, jaundice, and ascites. Nine patients 
presented with complications; six had gastric outlet ob- 
struction, and the remaining three patients had esophageal 
obstruction, perforation, and haemorrhage, respectively. 

Seven patients (9%) showed no physical signs of gastric 
carcinoma. There was a palpable abdominal mass in 20 
of the patients (54%) and ascites in five (14%). Liver me- 
tastases were diagnosed by the biochemical, ultrasono- 
graphic and CT findings of three patients who did not 
undergo laparotomy, and by biopsy in seven patients who 
did. Most lesions were located in either the antrum (20 
patients) or body (13 patients) of the stomach, with two 
patients having diffuse involvement, and two patients 
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having, respectively, a tumor in the fundus and at the 
esophagogastric junction. 

The histologic diagnosis of gastric carcinoma was made 
for all 37 patients (Table 1). In 34 cases, the tumor was 
poorly differentiated or undifferentiated, and in three 
cases, moderately to well-differentiated. When we applied 
the Lauren classification, we found that two thirds of the 
patients had diffuse carcinomas, and when applying the 
WHO classification, we found the same proportion had 
signet ring lesions. Using the Ming classification, we cat- 
egorized over three quarters of the histologic types as being 
infiltrative. Most of the patients reviewed had no intestinal 
metaplasia, and intestinal metaplasia of the incomplete 
type was seen in only case. And although most of the 
patients examined had atrophic gastritis in the pyloric 
mucosa, it was present in the body mucosa in less than 
half the patients. 

Nine patients (24%) were believed to have lesions too 
advanced for surgical treatment, with two having ascites, 
one having Virchow-Troisier node, three having liver me- 
tastasis, and two having linitis plastica. These patients 
had a median survival time from the time of diagnosis of 
32 days (range of 2-169 days). An additional seven pa- 
tients (19%) had a laparotomy with no further procedure 
being possible, and a median survival time of 40 days 
(range of 6-132 days). Five patients (14%) underwent gas- 
troenterostomy and survived for a median of 57 days 
(range of 10-402 days), with one being lost to follow-up. 
A palliative gastrectomy was performed in twelve patients 
(32%), with a median survival time of 344 days (range of 
32-1024 days, with one patient lost to follow-up). In only 
three patients (8%) was a curative resection considered 
possible by the surgeon; one patient (T1 N2 MO) is alive 
and well at 5 years, and the remaining two (both T1 NO 
MO) have died from recurrence after 496 and 626 days, 
respectively. 


Discussion 


In treating young patients with gastric carcinoma, two 
issues of interest are its frequency and whether it differs 
from the disease in older patients. To assess this frequency 
and to allow valid comparisons, we have drawn from our 
own analyses of patients of all ages'*-'> as well as from 
reports from other countries. 

We found that 5% of our patients were younger 35 
years of age and 2% were younger than 30 years old, a 
finding consistent with our earlier analysis.'* In Western 
nations, the proportion of patients younger than 35 years 
of age has been 2.7%* and 2.2%,'° whereas estimates of 
the proportion of patients 30 years old or younger have 
ranged between 0.7% and 1.4%.'*° In Japan, 1.8% of all 
types of gastric carcinoma'’ and 1.6% of cases of early 
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gastric carcinoma'’ were found in patients 30 years of age 
or younger. 

Of the patients in our study, there were fewer men than 
women, accounting for a sex ratio of 1:1.05, which differed 
markedly from the overall ratio of 1:0.5 seen at our 
hospital.’ A preponderance! or equivalence”®'®'’ of 
women among younger patients has been a widespread 
finding, and contrasts with the consistent preponderance 
of men that typically is seen in older patients. The reason 
for this reversal in sex ratio in the young is uncertain. The 
high frequency of pregnancy in young women with gastric 
cancer has been noted, and two of our patients presented 
in the puerperium. We believe, however, that pregnancy 
is so common at this age that this apparent association 
could be fortuitous. The presence of estrogen receptors 
and intracytoplasmic estradiol in a proportion of cases of 
all ages fails to explain the preponderance of females 
among young patients.'® 

Although the mean length of history was 6 months and 
most patients were treated for peptic ulcers without in- 
vestigation, this delay was not different from our overall 
experience'*!° nor from that reported by others.'? Only 
three patients (8%) had no apparent nodal or other met- 
astatic disease, and this was comparable to the number 
of similar patients (13%) of our overall experience.'* In 
only three patients was an apparently curative gastrectomy 
possible; although at 8%, this proportion of curable cases 
was lower than the 13% found among our unselected 
patients, it was not significantly different (chi? = 2.55, 0.2 
>p>0.1). Only two of our patients (5%) had early gastric 
cancer, and this proportion was comparable to our overall 
experience of 3.5% and to that of a study involving patients 
30 years old or younger reported from Japan.”° 

We found marked differences when we compared the 
histologic features of our young and old patients. Ninety- 
two per cent of our young patients had poorly differen- 
tiated or undifferentiated tumors, compared with 62% in 
our overall experience. This lack of differentiation in the 
young has been reported by others.°?? Lauren has ob- 
served that, in patients of all ages, the frequency of intes- 
tinal and diffuse carcinomas is equal in nonendemic areas, 
but that in endemic areas, the proportion of the intestinal 
types increases.* Cape Town may well be such an endemic 
area, as we have previously found in patients of all ages 
that 56% of carcinomas were intestinal and only 30% dif- 
fuse, with the remainder mixed or undifferentiated. In 
our young patients, however, this ratio was reversed, with 
21% of the carcinomas being intestinal and 64% diffuse, 
the remainder being undifferentiated. The frequency of 
diffuse carcinoma in the young and its associated equiv- 
alent sex ratio has been well summarized by Lehtola;7' 
the association with pernicious anemia, hypogamma- 
globulinemia and a strong family history, however, was 


+ == ia a 


GASTRIC CARCINOMA IN YOUNG ADULTS 


595 


not found by us. The infrequency both of intestinal-type 
carcinomas, associated intestinal metaplasia, and atrophic 
gastritis in the young has been noted by Japanese au- 
thors.” 

A predominance of signet ring neoplasms (WHO clas- 
sification) and a greater proportion of infiltrative neo- 
plasms (Ming classification) also differed from our expe- 
rience with patients of all ages. There is a compelling 
argument linking the incomplete type of intestinal meta- 
plasia to the intestinal form of carcinoma, !'' and the low 
frequency of both that we have found might support this 
argument. Our young patients had less associated gastritis 
than our older patients. In Japan, gastritis is less common 
in young patients, both those without gastric carcinoma?” 
and those with early gastric carcinoma.” Correa has sug- 
gested that gastric atrophy, gastritis, and intestinal meta- 
plasia precede gastric carcinoma.”*** The relative infre- 
quency of these changes in the young may suggest that 
another sequence is operative. 

Previous studies of young patients have reported 5-year 
survival rates of 6-19%.!->5 The 6-month survival rate of 
30% in young patients of the present study was similar to 
our overall experience.'” Of the 37 patients 35 years of 
age or younger there was only one survivor (3%); nev- 
ertheless, this group may be too small to allow accurate 
comparison with the overall 5-year survival rate of 
8.5%, '*! 


Conclusion 


Gastric carcinoma in patients between 21 and 35 years 
of age represented 5% of all patients with this disease at 
our institution. When we compared them with older pa- 
tients, we found the only differences were the high pro- 
portion of females, the frequency of the diffuse, signet 
ring, and infiltrating histological types, and the infre- . 
quency of associated gastritis and intestinal metaplasia. 
All other features were essentially similar. 
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BRIEF SUMMARY 

UNASYN® (ampicillin sodium/sulbactam sodium) IM/IV 

INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 
Strains of Staphylococcus aureus, Escherichia coli.* Klebsiella spp.* 
(including K. pneumoniae*), Proteus mirabilis.* Bacteroides fragilis.* 
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Enterobacter spp. .* and Acinetobacter calcoaceticus.* 
Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli, Klebsiella spp. (including K. pneumoniae”). Bacteroides 
spp. (including B. fragilis). and Enterobacter spp.* 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli.* and Bacteroides spp.* (including B. fragilis*) 
*Efficacy for this organism in this organ system was studied in fewer than 10 
infections 
While UNASYN" (ampicillin sodium/sulbactam sodium) ıs indicated only 
for the conditions listed above, infections caused by ampicillin-susceptible 
organisms are also amenable to treatment with UNASYN dueto its ampicillin 
content. Therefore. mixed infections caused by ampicillin-susceptible 
organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic. 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS. THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS, CEPHALOSPORINS. AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS, AND AIRWAY MANAGEMENT. INCLUDING INTUBATION. 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop askin rash. Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis. In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
ms should be kept in mind during therapy. If superinfections occur 
‘usually involving Pseudomonas or Candida), the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
Stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients. There are no data with UNASYN and allopurinol 
administered concurrently. UNASYN and aminoglycosides should not be 
reconstituted together due to the /n vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin. High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
presence of glucose in urine using Clinitest’“. Benedict's Solution or 
ehling’s Solution. It is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix™ or Testape™) be 
used. Following administration of ampicillin to pregnant women. atransient 
decrease in plasma concentration of total conjugated estriol, es- 
triolglucuronide. conjugated estrone, and estradiol has been noted. This 
effect may also occur with UNASYN 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 
Pregnancy Category B: Reproduction studies have been performed in mice. 
rats, and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN. There are. however, no adequate and well controlled studies in 
pregnant women. Because animal reproduction studies are not always 
predictive of human response. this drug should be used during pregnancy 
only if clearly needed. (See—Drug/Laboratory Test Interactions.)  * 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone, frequency of 
contractions, height of contractions, and duration of contractions. How- 
ever, itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on the fetus, prolongs the 
duration of labor, or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk; therefore. caution should be exercised when UNASYN 
iS administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated The following adverse reactions have 
been reported 
Local Adverse Reactions 
Pain at IM injection site—16% 
Thrombophiebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
Rong nausea, vomiting. candidiasis. fatigue. malaise, headache. chest 
pain. flatulence, abdominal distension, glossitis. urine retention. dysuria. 
edema, facial swelling. erythema, chills, tightness in throat, substernal 
pain, epistaxis and mucosa! bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were: 
oe Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 
LDH. 
Hematologic: Decreased hemoglobin, hematocrit, RBC, WBC. neu- 
trophils. lymphocytes. platelets and increased lymphocytes. mono- 
cytes, basophils. eosinophils. and platelets 
Blood Chemistry. Decreased serum albumin and total proteins 
Renal: increased BUN and creatinine. 
Urinalysis: Presence of RBC's and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis, stomatitis, black “hairy” tongue, enterocolitis 
and pseudomemoranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported. These reactions 
may be controlled with antihistamines and, if necessary, systemic cortico- 
steroids. Whenever such reactions occur. the drug should be discontinued, 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
pee) (see WARNINGS). 
ematologic: In addition to the adverse laboratory changes listed above for 
UNASYN, agranulocytosis has been reported during therapy with pen- 
icillins. All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena. 
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Nothing comes closer to 100% activity against 

anaerobes in vitro. It’s a fact. Studies have proved no other 

antibiotic superior to UNASYN in overall antianaerobic activ- 
ity. Not clindamycin. Not 
metronidazole. Nothing. 


“1 used to think only two And that’s nothing to overlook— 


° e ° e 9 given the importance of anaerobes in 
things in life were certain.” today’s mixed infections. 
Though clinical results may not 
always mirror those obtained in vitro, 
there’s a world of confidence in choosing UNASYN for pre- 
sumptive therapy of the mixed infections* you see every day. 
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Long after your personal copies of 
ANNALS OF SURGERY have been read, 
shared with your office staff, used up and 
worn out, you can have instant access to 
the unique and valuable information in 
back issues of this distinguished journal by 
ordering bound volumes. 


Your bound volumes give you a permanent and 
comprehensive reference for changes and 
advances in your specialty—a source that will 
grow and increase in usefulness over the years. 
Each volume features: 


a all text pages of every issue, including the 
complete author and title indexes 
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to go to the trouble and expense of having them 
bound locally. We over-run copies of each issue 
in order to have sufficient quantities on hand. 
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= no advertising—only professional, clinically But we must tell our printer how many we need, 
pertinent material (a space-saver on your so please let us know right away. 
bookshelves i 
) EK | You must be a current subscriber to take 
= handsome, durable bindings in maroon advantage of this bound volume offer. 


“igh n the paa pages! s and Order your 1988 volumes today. They will be on 
volume number imprinted in gola on the spine their way to you shortly after the publication of 
No need to return your personal copies to us, or the final volume issue. 
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Yes! Please send me the 1988 bound volumes of Annals of Surgery 
(65-98039/65-99047) for $54.00 U.S. ($64.00 elsewhere). 
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Lower antibiotic costs without lowering your 

standards. UNASYN costs at least 40% less per day than 

clindamycin/ gentamicin or cefoxitin. “ Yet UNASYN 1s at 
least as effective | ina variety of 


“We need gold-standard mised infections.“ *" 


And in some studies versus combi- 


yes ults that don’t COS t nation therapy, patients treated 
with UNASYN spent fewer days in 


99 
a fortune. the hospital.” 
So, look to UNASYN for highly 
effective, highly affordable therapy in mixed infections * 


every day. 
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BRIEF SUMMARY 

UNASYN* ye sodium/sulbactam sodium) IM/IV 

INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
Strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 
Strains of Staphylococcus aureus, Escherichia coli,* Klebsiella spp.* 
(including K. pneumoniae*), Proteus mirabilis,* Bacteroides fragilis.* 


Enterobacter spp. .* and Acinetobacter calcoaceticus * 
Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli, Klebsiella spp. (including K. pneumoniae*), Bacteroides 
spp. (including 8. fragilis). and Enterobacter spp. * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli,* and Bacteroides spp.* (including B. fragilis*) 
“Efficacy for this organism in this organ system was studied in fewer than 10 
infections. 
While UNASYN* (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above, infections caused by ampicillin-susceptible 
Organisms are also amenable to treatment with UNASYN dueto its ampicillin 
content. Therefore, mixed infections caused by ampicillin-susceptible 
Organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS. THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS, CEPHALOSPORINS. AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS, AND AIRWAY MANAGEMENT. INCLUDING INTUBATION. 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop a skin rash. Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
ens should be kept in mind during therapy. If superinfections occur 
coher involving Pseudomonas or Candida), the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam. Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
Stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the /n vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin. High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
presence of glucose in urine using Clinitest™. Benedict's Solution or 
Fehling’s Solution. It is recommended that glucose tests based on en- 
zyMatic glucose Oxidase reactions (such as Clinistix’* or Testape™) be 
used. Following administration of ampicillin to pregnant women, atransient 
decrease in plasma concentration of total conjugated estriol. es- 
triolglucuronide. conjugated estrone, and estradiol has been noted. This 
effect may also occur with UNASYN 


What will you tell | Sereening mar 
her about screening ~ 
mammography? 
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gram launched by the American Cancer 
Society and the American College of Radi- 
ology, and they may come to you with 
questions. What will you tell them? 

We hope you'll encourage them to 
have a screening mammogram, because 
that, along with your regular breast exam- 
inations and their monthly self examina- 
tions, offers the best chance of early detec- 
tion of breast cancer, a disease which will 


strike one woman in 10. 
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Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 

enic potential 

regnancy 
Pregnancy Category B: Reproduction studies have been performed inmice, 
rats, and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus cue to 
UNASYN. There are. however, no adequate and well controlled studies in 
pregnant women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy 
only if clearly needed. (See—Drug/Laboratory Test!nteractions.)  * 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone, frequency of 
contractions, height of contractions, and duration of contractions. How- 
ever, itis not Known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on the fetus, prolongs the 
duration of labor, or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore, caution should be exercised when UNASYN 
iS administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site—16% 

Thrombophiebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
sg nausea, vomiting, Candidiasis, fatigue, malaise, headache. chest 
pain. flatulence, abdominal distension, glossitis. urine retention, dysuria. 
edema, facial swelling, erythema, chills, tightness in throat, substernal 
pain, epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were. 

al Increased AST (SGOT), ALT (SGPT). alkaline phosphatase. and 

H 


Pain at IV injection site— 3% 


Hematologic: Decreased hemoglobin. hematocrit, RBC. WBC, neu- 

trophils. lymphocytes, platelets and increased lymphocytes. mono- 

cytes, basophils. eosinophils, and platelets 

Blood Chemistry: Decreased serum albumin and total proteins 

Renal: increased BUN and creatinine. 

Urinalysis: Presence of RBC’s and hyaline casts in urine. 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis, stomatitis. black “hairy” tongue, enterocolitis 
and pseudomemoranous colitis. 
Hypersensitivity Reactions: Urticaria, erythema multiforme, and an occa- 
sional case of exfoliative dermatitis have been reported. These reactions 
may be controlled with antihistamines and. if necessary. systemic cortico- 
steroids. Whenever such reactions occur, the drug should be discontinued, 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN, agranulocytosis has been reported during therapy with pen- 
icillins. All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena. 
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Comparison Between Henley Jejunal Interposition 
and Roux-en-Y Anastomosis as Concerns 
Enterogastric Biliary Reflux Levels 
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The amount of enterogastric biliary reflux was assessed in pa- 
tients who previously underwent Henley operation (n = 8) or 
Roux-en-Y biliary diversion (n = 7) using the radiopharmaceu- 
tical °°" Technetium-DISIDA. Two other groups were investi- 
gated: a control group consisting of patients with unoperated 
duodenal ulcer (n = 10) and a group of patients who underwent 
Billroth II gastrectomy (n = 7). The length of the interposed 
segment of jejunum ranged from 20 to 30 cm (median of 22.5 
cm) in the Henley patients, and from 30 to 60 cm (median of 40 
cm) in the Roux-en-Y group. In Henley patients, the percentage 
of administered °°" Technetium-DISIDA that was recovered from 
the stomach (median of 0.92%) was lower (p < 0.01) than that 
obtained for Billroth II patients (median of 32.28%) and did not 
differ (p > 0.10) from that of the Roux-en-Y (median of 0.36%) 
and duodenal ulcer groups (median of 2.53%). These results in- 
dicate that Henley operation is as effective as Roux-en-Y diver- 
sion in promoting the reduction of the amount of enterogastric 
biliary reflux that follows Billroth II distal gastrectomy. 


LKALINE REFLUX GASTRITIS resulting from gas- 
A tric mucosal injury by intestinal contents is an 

increasingly recognized complication of gastric 
surgery. Postoperative reflux gastritis may occur after any 
operation that removes or bypasses the pylorus, yet it is 
most commonly found after distal gastrectomy with Bill- 
roth II anastomosis.'~> Although the exact role of each 
factor that may induce mucosal injury is still poorly un- 
derstood, the harmful effect of increased enterogastric bil- 
iary reflux is well-established.’ Surgical treatment of post- 
operative alkaline reflux gastritis has been performed by 
procedures that cause diversion of intestinal content away 
from the stomach.'?°~’ The most commonly used diver- 
sionary operations consist either of anastomosis between 
the stomach and jejunum, with the exclusion of the duo- 
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denum (Roux-en-Y anastomosis), or interposition of a 
segment of jejunum between the stomach and the duo- 
denum (Henley loop). Although Roux-en-Y biliary di- 
version results in a significant reduction in the amount 
of enterogastric biliary reflux,*"'° only a few studies have 
been published on the effect of the Henley procedure on 
biliary reflux levels.''~!? 

The aim of this study was to compare the effects of 
Henley interposition and Roux-en-Y diversion on the 
amount of enterogastric reflux, using the biliary radio- 
pharmaceutical °’"Technetium-DISIDA. 


Methods 
Patients 


The study was carried out on outpatients seen at the 
Hospital das Clinicas da Faculdade de Medicina de Ri- 
beirao Preto, according to the Helsinki Declaration. In- 
formed verbal consent was obtained from each patient. 

Four groups (Control, Henley, Roux-en-Y, and Billroth 
II groups) were investigated. The Control group consisted 
of ten men (median age of 28 years, range of 23-60 years) 
with unoperated healed duodenal ulcer, as proven by up- 
per digestive endoscopy. The Henley group, consisted of 
eight patients (two women and six men, median age of 
38.5 years, range of 31-64 years) who previously under- 
went interposition of a segment of jejunum between the 
stomach and the duodenum (Henley loop) for postgas- 
trectomy syndromes after Billroth II anastomosis. All pa- 
tients had undergone the first operation for duodenal ul- 
cer. Reflux gastritis was present in five of the eight patients. 
The duration of the postoperative period in the Henley 
procedure group ranged from 11 to 84 months (median 
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FIG. 1. Enterogastric reflux, expressed as percentage of the injected dose 
of °™Technetium-DISIDA recovered from gastric juice, in patients with 
duodenal ulcer (DU) and in patients who underwent Roux-en-Y biliary 
diversion (R-Y), Henley anastomosis (H), or Billroth II gastrectomy (BII). 
Horizontal bars show the respective medians. 


of 23 months). The Roux-en-Y group consisted of seven 
patients (four women and three men, median age of 59 
years, range of 28-69 years) who previously underwent 
Roux-en-Y biliary diversion for reflux gastritis after Bill- 
roth II gastrectomy for duodenal ulcer. The duration of 
the postoperative period after Roux-en-Y operation 
ranged from 8 to 108 months (median of 29 months). 
Finally, the Billroth II group consisted of seven patients 
(three women and four men, median age of 39 years, range 
of 24-45 years) who previously underwent Billroth II gas- 
trectomy for duodenal ulcer. In this group, the duration 
of the postoperative period ranged from 25 to 180 months 
(median of 39 months). 

The operative procedures were performed by standard 
techniques. All patients underwent selective gastric va- 
gotomy. In the Roux-en-Y patients, the length of the seg- 
ment of jejunum interposed between gastrojejunal and 
jejunojejunal anastomosis ranged from 30 to 60 cm (me- 
dian of 40 cm). In the Henley group, the length of the 
segment of jejunum interposed between the stomach and 
the duodenum ranged from 20 to 30 cm (median of 
22.5 cm). 

All of the patients studied were in good general health, 
having no gastrointestinal (G.I.) complaints at the time 
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of the study. No patient was receiving any medication, 
and none showed any clinical or biochemical evidence of 
hepatobiliary disorders. 


Assessment of Enterogastric Biliary Reflux 


Enterogastric biliary reflux was assessed by determining 
the radioactivity of the gastric aspirates after intravenous 
(I.V.) injection of *’"Technetium-DISIDA, according to 
the methods of Brough et al.8 

After an overnight fast, the tip of a radio-opaque na- 
sogastric rubber tube (13F gauge) was fluoroscopically 
positioned half way between the cardia and the antrum 
in the control patients, or approximately 10 cm below 
the cardia in the operated patients. The tube was fixed to 
the face, and gastric content was continuously aspirated 
with a 20-ml syringe. After a 30-minute period of aspi- 
ration of the resting gastric juice, SMBq of ?’™Tech- 
netium-DISIDA (Hepatosyd™, Sydma, Ribeirão Preto, 
Brazil) was injected into a forearm vein. The stomach 
content was aspirated continuously for 15-minute periods 
over the following 3 hours. 

The radioactivity of the aspirate was measured with a 
single-channel well-type gammaspectrometer and com- 
pared with a standard solution prepared by diluting 5MBq 
of °°™Technetium-DISIDA in an appropriate volume of 
water. 

The amount of biliary reflux during the test is reported 
as the total percentage of the injected dose of 
°°™Technetium-DISIDA recovered in the gastric aspirate. 


Statistical Analysis 


Differences between pairs of groups were analysed by 
the Mann-Whitney test for unpaired data,'* with the level 
of significance being p < 0.05. 


Results 


The results obtained for patients of all four groups are 
shown in Figure 1. The percentage of administered 
»°™Technetium-DISIDA that was recovered from duo- 
denal ulcer patients ranged from 0.04% to 5.55% (median 
of 2.53%). Significantly increased values (p < 0.01) were 
found in patients who had undergone Billroth II gastrec- 
tomy (median of 32.28%, range of 11.96-46.20%). The 
values for Henley patients (median of 0.92%, range of 
0.01-6.21%) were lower (p < 0.01) than those obtained 
for Billroth II patients, but did not differ significantly (p 
> 0.10) from the duodenal ulcer group or Roux-en-Y 
patients (median of 0.36%, range of 0.07-0.98%). In the 
Roux-en-Y group, the values were significantly lower than 
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those of the Billroth II patients (p < 0.01) or the duodenal 
ulcer patients (p < 0.015). 


Discussion 


This study demonstrates that patients who had previ- 
ously undergone Henley jejunal interposition for various 
postgastrectomy syndromes, including alkaline retlux 
gastritis, have enterogastric biliary reflux levels similar to 
those observed in patients who underwent Roux-en-Y 
biliary diversion. It was also found that Henley patients 
did not differ from healed duodenal ulcer patients who 
did not undergo operation with respect to enterogastric 
biliary reflux levels. 

In the present study, enterogastric biliary reflux was 
assessed using a method that has some possible potential 
limitations. This method requires gastric intubation and 
aspiration of gastric contents, and measures reflux that 
occurs in a relatively short period of time (3 hours). On 
the other hand, the technique is simple to perform and 
allows the detection of minute amounts of biliary reflux 
in an accurate quantitative basis.'*'® The presence of a 
tube inside the stomach does not seem to interfere with 
results concerning enterogastric reflux, as suggested by 
Miller-Lissner et al.!’ We do not know whether reflux 
measured by this technique during a 3-hour period ac- 
curately reflects the overall relevance of enterogastric bil- 
iary reflux. However, the results demonstrate a good dis- 
crimination between Bilroth II patients and the other 
groups, leading us to assume that the method was satis- 
factory. 

Healthy volunteers selected as controls had enterogas- 
tric reflux levels of less than 2% of the injected dose of 
the biliary radiopharmaceutical.* Duodenal ulcer patients 
who had not undergone operation did not show high levels 
of reflux, yet high levels of reflux may occur in some pa- 
tients with remarkable deformation of the pyloric canal 
or bulbus.!> In this study, six of the ten patients with un- 
operated duodenal ulcer had enterogastric reflux levels 
higher than 2%, but the highest value in this group was 
far lower than the lowest value observed in the Billroth 
Il gastrectomy group. On the other hand, reflux values 
obtained for the Billroth II patients were similar to the 
levels of gastrectomy patients already reported by oth- 
ers.'>!8 In the Roux-en-Y group, the low values for 
enterogastric reflux were similar to those reported by 
Brough et al. This is consistent with the idea that Roux- 
en-Y biliary diversion results in a significant reduction in 
the amount of enterogastric reflux.*"'° 

Although there are only a few studies on the effect of 
Henley operation on the amount of enterogastric biliary 
reflux, there is a lack of data comparing Henley loop and 
Roux-en-Y biliary diversion in humans. Experiments 
carried out on pigs that had previously undergone distal 
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gastrectomy demonstrated a striking reduction in intra- 
gastric concentration of lysolecithin and biliary salts after 
interposing a segment of jejunum between the stomach 
and the jejunum.'! Schumpelick et al. reported effective 
prevention of biliary reflux after Henley reconstruction 
in patients who had alkaline reflux gastritis after distal 
gastrectomy.!”'? 

Surgical treatment of postoperative alkaline reflux has 
not always succeeded in controlling symptoms,” suggesting 
that factors other than the amount of bile reflux may play 
a relevant role in the pathophysiology of this clinical syn- 
drome. Nevertheless, for patients who are candidates for 
surgery, the surgeon should try to achieve the most com- 
plete diversion of intestinal contents away from the stom- 
ach with the least harmful effects. 

Roux-en-Y biliary diversion is the most popular op- 
erative procedure for reflux gastritis,” whereas the Henley 
operation has generally been performed when there is 
concomitant dumping or steatorrhea.” Although excellent 
results have repeatedly been reported,***'** there have 
been less enthusiastic evaluations of the outcome of Roux- 
en-Y diversionary surgery.°?? Moreover, some of the pa- 
tients who underwent Roux-en-Y diversion may suffer 
from abnormal slowing of gastric emptying or impairment 
of nutritional status.?? On the other hand, Henley loop 
might result in better mixing of flood with pancreatic and 
biliary secretions than would the Roux-en-Y operation. 
Furthermore, clinical experiences with Henley operation 
has shown that results have been good both in patients 
with dumping or steatorrhea’ and in patients who have 
alkaline reflux gastritis without other postgastrectomy 
syndromes.!*!° 

The relation between the amount of enterogastric bil- 
iary reflux after Henley operation and the length of the 
interposed segment of jejunum has been not extensively 
studied. It was demonstrated in pigs that the length of the 
interposed segment has to be at least 20 cm in order to 
prevent reflux.'? However, it is generally believed that a 
45-cm loop is required to prevent bile reflux consistently.“ 
This study shows that a relatively short segment of inter- 
posed jejunum, ranging from 20 to 30 cm, is associated 
with low levels of enterogastric biliary reflux. 


Conclusion 


The results of the present study indicate that the Henley 
operation is as effective as Roux-en-Y biliary diversion in 
promoting the reduction of the amount of enterogastric 
biliary reflux that follows distal gastrectomy with Billroth 
II anastomosis. Although additional, carefully designed 
studies are needed, the results of the present study suggest 
that the Henley operation with the interposition of a rel- 
atively short segment of interposed jejunum might be 
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useful in the surgical treatment of postoperative reflex 
gastritis, even when there is not concomitant dumping or 
steatorrhea. 
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Transthoracic Resection of Esophageal Cancer 
in Patients with Pulmonary Dysfunction 
Usefulness of High Frequency Ventilation During Thoracotomy 
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Although curative resection of esophageal cancer has become a 
safe procedure, in patients with pulmonary dysfunction, post- 
operative complications remain a serious problem. Of 122 pa- 
tients who had transthoracic resection of esophageal cancer, 27 
had pulmonary dysfunction; in six, the forced vital capacity was 
less than 70% (minimum of 42.8%, mean + SD of 56.6 + 8.9%); 
in 18, forced expiratory volume for one second (FEV) was less 
than 70% (minimum of 34.6%, mean + SD of 60 + 10%); and 
in three, both forced vital capacity and forced expiratory volume 
was less than 70%. Two patients had undergone hemipneumo- 
nectomy before receiving resection of the esophagus. During the 
intrathoracic operative procedure, high frequency ventilation was 
used, providing good surgical exposure and contributing to a 
decrease of postoperative pulmonary complications. There were 
no deaths during the month after surgery. The survival curve of 
these patients was not significantly different from that of other 
patients who had had esophagectomy for cancer of the esophagus. 
These patients survived for an average of 24 months. The patient 
who survived the longest has been alive for more than 11 years. 


LTHOUGH RADICAL RESECTION of esophageal 
A cancer has recently become a safe procedure, 

with a mortality rate of less than 10%,'~ it is still 
believed that transthoracic esophagectomy for cancer of 
the esophagus carries a high risk in patients with pul- 
monary dysfunction.*~’ Of 122 patients in our department 
who underwent resection of thoracic esophageal cancer, 
27 were found during preoperative examination to have 
pulmonary dysfunction. We analyzed the postoperative 
course of these patients and in this report, we will describe 
two cases in which right pneumonectomy had been per- 
formed before subtotal esophagectomy. High frequency 
ventilation was used during intrathoracic procedures to 
decrease the postoperative pulmonary complications sec- 
ondary to the alveolar damage caused by compression or 
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overinflation of the lung under usual large tidal volume 
ventilation. 


Patients and Methods 


Pulmonary dysfunction was found during preoperative 
spirometrical examinations of 27 patients with thoracic 
esophageal cancer. Of these patients, 22 were men and 
five were women, 45-78 years of age (mean of 63.6 years). 
Subtotal esophagectomy with thoracotomy and recon- 
struction was performed in all 27 patients. Esophagogas- 
trostomy was performed in the left thoracic cavity in one 
patient, in the right thoracic cavity in four patients, and 
in the neck in 22 patients. 

The cancer was located in the middle third of the in- 
trathoracic esophagus in 19 patients, and in the lower 
third of the esophagus in five patients. The cancer ex- 
tended to the middle and lower third of the esophagus in 
two patients, and to the cervical and upper intrathoracic 
esophagus in one patient. The resected main tumors were 
1-9 cm long. 

In 24 patients, reconstruction of the alimentary tract 
and resection of the esophagus were performed on the 
same day, using the EEA stapler® (Surgical Corporation, 
Stanford, CT).® In the other three patients, reconstruction 
was performed 30-72 days after resection of the esopha- 
gus; antesternal subcutaneous esophagogastrostomy was 
performed in two patients, and retrosternal esophagogas- 
trostomy was performed in one. 


Perioperative Respiratory Care 


Preoperative respiratory training with Inspiron® (CR 
Bard, Inc., CA) is typically performed in all patients in 
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TABLE 1. Patients with Restrictive Ventilatory Insufficiency who Underwent Esophagectomy 
Jor Thoracic Esophageal Cancer (% Vital Capacity <70%) 
Length of 
VC % FEV, Tumor Site of 
Case Age Sex (ml) VC (ml) % FEV, (cm) Operation Reconstruction Prognosis 
l 50 M 1640.0 42.8 1580.0 86.3 9.0 Divided Neck 25 mos* 
2 57 M 2130.0 55.7 1520.0 76.3 4.0 Once Right thoracic cavity 4 mos* 
3 70 F 1400.0 66.3 994.0 71.0 4.0 Once Neck 10 mos* 
4 59 M 1790.0 51.6 1750.0 86.6 2.0 Once Neck 5 mos* 
5 74 M 1670.0 53.7 1260.0 76.4 4.5 Once Neck 2 mos* 
i 6 74 M 2130.0 69.2 1430.0 74.5 2.5 Once Neck 23 mos 
t Mean 64.0 1793.3 56.6 1422.3 66.7 4.3 
SD 9.2 264.6 8.9 242.1 30.2 2.3 


our clinic.? During the intrathoracic procedure for resec- 
tion of esophageal cancer, in most patients, high frequency 
jet ventilation (HFJV) was applied to the lung on the op- 
erated side, and the nonoperated side was ventilated with 
large tidal volume.’ In four patients, high frequency pos- 
itive pressure ventilation (HFPPV) was used. All patients 
were intubated with a left-sided endotracheal twin-lumen 
tube (Portex®, Portex, Ltd., Kent, England). The lung on 
the operated side was ventilated by HFJV (respiratory 
rate of 200 breaths per minute, driving pressure 20 psi, 
I/E 0.2) with the VS 600* high-frequency jet ventilator 
(Instrument Development Corp.), and the lung on the 
nonoperated side was ventilated with the Servo 900 BR 
(Seamens-Elema, Sweden; FiO, 0.5, respiratory rate of 
ten breaths per minute and tidal volume of 10 ml/kg).!! 
When we used HFPPV on the lung of the operated side, 
the Servo 900 B ventilator was set up with the respiratory 
rate (RR) at 60 breaths per minute, tidal volume of 100- 





FIG. 1. Case 1. Esophagography with barium sulfate and chest x-ray. 
The apple-core-like filling defect of the upper thoracic esophagus was 
ascertained to be squamous cell carcinoma by endoscopy and biopsy. 
The chest x-ray showed previous hemipneumonectomy and thoraco- 
plasty. The heart was shifted into the right thoracic cavity, and the trachea 
was also shifted to the right (arrows). The left lung was emphysematous. 


SD = standard deviation. 


200 ml and FiO, of 33-50%.'* After the intrathoracic 
procedure, the double tube was changed to the usual single 
tracheal tube, and ventilation was performed with a large 
tidal volume. The tracheal tube was usually left in for 24 
hours after the operation. Endoscopic suction of sputum 
was performed one to three times per day for 2-4 days, 
depending on the retention of sputum in the bronchi. 


Case Reports 


Two patients had undergone hemipneumonectomy 


before the esophagectomy was performed. 

Case 1. In July 1983, a 50-year-old male visited our department com- 
plaining of dysphagia (case 3 in Table 1). He had been operated on three 
times for pulmonary tuberculosis, having undergone a right S, segmen- 
tectomy in 1957, a right thoracoplasty with lobectomy of the right lower 
lobe in 1958, and a right hemipneumonectomy in 1959. In July 1983, 
an upper gastrointestinal (G.I.) series revealed a filling defect in the 
esophagus extending to the upper intrathoracic esophagus, and chest 
X-rays showed evidence of previous hemipneumonectomy and thora- 
coplasty (Fig. 1). The trachea was shifted to the right, and the heart was 
shifted into the right thoracic cavity. The left lung was emphysematous. 
The specimen on which biopsy was performed during esophagoscopy 
was diagnosed pathologically as squamous cell carcinoma. Preoperative 
radiation of 300 rad per day was performed for 10 days, and the tumor 
shrunk, leaving a shallow ulcer. At that time, his weight was 44 kg, his 
height was 174 cm, and his body surface area was 1.51 m°. Blood gas 
analysis showed pH of 7.38, Pco of 41.7 mmHg, PO, of 97 mmHg, 
HCO; 27 mEq/l, and base excess of 1.6 mEq/ml. Preoperative computed 
tomography revealed no swelling of the mediastinal lymph nodes and 
no hepatic metastasis. 

The first operation. On September 6th, 1983, thoracotomy was per- 
formed through the right seventh intercostal incision. The bifurcation 
of the trachea was shifted upward, due to scar formation after the thor- 
acoplasty and pneumonectomy. The esophageal tumor was located be- 
tween the level of 1 cm above the tracheal bifurcation and the level of 
the right inferior pulmonary vein. The upper part of the esophagus was 
separated from the trachea blindly, because scars around the trachea 
obstructed direct visualization. The esophagus was cut with a scalpel on 
a line 3 cm oral to the upper edge of the tumor. The patient was then 
placed in a supine position, and an upper abdominal midline incision 
was made. The intrathoracic esophagus was pulled into the abdominal 
cavity. A Petz’s clamp was then applied on the line 3 cm anal to the 
esophagogastric junction to cut off the esophagus with the cardiac portion 
of the stomach. A catheter-gastrostomy was made on the lesser curvature 
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of the anterior gastric wall, after which pyloroplasty was performed. The 
superficial and deep lymph nodes in the neck were removed, and the 
cut edge of the thoracic esophagus was pulled out to form an esopha- 
gostomy on the anterior chest wall. The duration of the operation was 
10 hours, and blood loss was 600 ml. The patient was weaned from the 
respirator within 30 minutes after the operation, although a tracheal 
tube was left in place until the next morning. After the operation, tachy- 
cardia of over 110 beats per minute continued for 6 days, and tachypnea 
of over 30 breaths per minute continued for 4 days. The nutritional 
status was maintained successfully by intravenous (I.V.) hyperalimen- 
tation and liquid meals through the gastrostomy. 

The second operation. On November 8, 1983, antesternal end-to-end 
esophagogastrostomy was performed with the EEA stapler (Fig. 2). The 
postoperative course was uneventful and the patient began receiving a 
liquid diet on the tenth postoperative day. He returned to his previous 
job, but died of recurrence of the cancer in the left supraclavicular and 
upper mediastinal region 25 months after surgery. 

Case 2. This 57-year-old male (Case 6 in Table 1) had undergone 
rectal amputation for rectal cancer 3 years before admission, and right 
pneumonectomy for multiple metastatic tumors from the rectal cancer 
had also been performed 3 months before admission. During the pneu- 
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FIG. 2. Case 1 after second operation. Reconstruction of the alimentary 
tract was performed by antethoracic esophagogastrostomy with EEA sta- 
pler. Nutrition was assisted by I.V. hyperalimentation and jejunal feeding 
through the jejunostomy. 


ESOPHAGECTOMY IN PULMONARY DYSFUNCTION 





FIG. 3. Case 2. Esophagography with barium sulfate and chest x-ray. 
The filling defect of the middle thoracic esophagus measured 7 cm. Chest 
x-ray revealed pleural effusion in the totally pneumonectomized right 
thoracic cavity. Thickening of the parietal pleura (arrows) was not noticed 
before the esophagectomy. The inside of the entire right thoracic cavity 
was covered with connective tissue, probably due to reaction to SE, gas, 
which was infused after right pneumonectomy. 


monectomy, a tumor in the intrathoracic esophagus was palpated by the 
surgeon, and postoperative esophagoscopy revealed a cancer in the lower 
third of the intrathoracic esophagus. His chest x-ray showed a hemi- 
pneumonectomy (Fig. 3). On February 18, 1986, esophagectomy was 
performed. The abdomen was opened through an upper midline incision. 
Lymph nodes around the cardiac portion and lesser curvature of the 
stomach were dissected, and pyloroplasty was added. Right thoracotomy 
was then performed through the fifth intercostal space. The parietal pleura 
was approximately | cm thick, probably due to inert gas (SFs) infused 
into the right thoracic cavity after total extirpation of the right lung. 
Preparation of the esophagus was very difficult because of this hard, 
thickened fibrosis of the parietal pleura. Intrathoracic esophagogastros- 
tomy was technically very difficult because of poor preparation around 
the esophagus. On the sixth postoperative day, bile was noted in the 
drainage tube from the right thoracic cavity. Continuous negative pressure 
suction (—15 cm H,0) from the thoracic tube was performed, and an 
indwelling gastric tube was inserted. The anastomotic leakage did not 
stop, however, and he died of uncontrollable hypercalcemia 4 months 
after the esophagectomy. 

Tables 1, 2, and 3 show the results of the preoperative spirometric 
examination, the length of the esophageal cancer, and the results of the 
operation in 27 patients with pulmonary failure. Nine of these patients 
died less than 6 months after surgery, but eight are still alive more than 
two years later. Figure 4 shows the survival curves obtained by the Kaplan- 
Meier method for those patients operated on during the last 4 years and 
for those operated on earlier. 


Discussion 


Although curative resection of esophageal cancer can 
now be performed safely, thanks to advances in postop- 
erative care and operative procedures,'~’ in patients with 
pulmonary dysfunction, postoperative complications re- 
main a serious problem. Esophagectomy without thora- 
cotomy is often performed to avoid postoperative com- 
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TABLE 2. Patients with Constrictive Ventilatory Insufficiency who Underwent Esophagectomy for Thoracic Esophageal Cancer 
(% Forced Expiratory Volume <70%) 





VC % FEV, 
Case Age Sex (ml) VC (ml) % FEV, 
7 45 M 4500.0 130.1 3000 66.0 
8 65 M 3969.0 113.4 2737 69.0 
9 57 F 2742.0 78.3 1901 69.4 
10 72 F 1724.0 82.5 1089 63.2 
11 64 M 2146.0 90.5 1047 45.0 
12 64 M 3312.0 96.9 1633 S22 
13 70 M 2695.0 88.4 1303 48.3 
14 68 M 2511.0 91.2 1751 65.5 
15 68 M 2212.0 79.4 968 43.8 
16 78 M 2690.0 91.2 1750 61.2 
17 68 M 3560.0 113.2 2320 66.1 
18 67 M 3120.0 98.1 2040 67.1 
19 60 M 3400.0 79.2 2630 69.0 
20 63 M 3360.0 TEJ 2150 68.3 
21 55 M 4250.0 118.4 2760 64.8 
22 52 M 4040.0 112.8 1430 34.6 
23 58 M 4310.0 124.2 2840 66.4 
24 75 M 3300.0 97.6 1810 59.4 
Mean 63.8 3213.4 91.5 1953.0 60.0 
SD 8.0 782.0 25.9 634.0 10.1 
* Died 


Length of Site of 
Tumor Operation Reconstruction Prognosis 

1:2 Once Neck 11 years 
6.0 Once Right thoracic cavity 7 years 
6.3 Once Neck 5 years, 6 mos 
6.0 Once Neck 7 mos* 
6.5 Once Neck 14 mos* 
5.0 Once Neck 20 mos* 
6.0 Divided Neck 6 mos* 
6.5 Once Neck 5 years, 3 mos 
7.0 Divided Neck 5 years, | mo 
4.0 Once Right thoracic cavity 1 mo* 
2:2 Once Neck 3 years 
6.5 Once Neck 2 mos* 
1.5 Once Neck 12 mos 
8.0 Once Neck 5 mos* 
7.0 Once Neck 3 years 
1.0 Once Neck 12 mos 
9.0 Once Right thoracic cavity 7 mos 
4.0 Once Neck 27 mos 
9.3 
1.8 


SD = standard deviation. 


TABLE 3. Patients with Mixed Type Ventilatory Insufficiency who Underwent Esophagectomy for Thoracic Esophageal Cancer 
(% Vital Capacity and Forced Expiratory Volume <70%) 


VC FEV, 

Case Age Sex (ml) % VC (ml) % FEV, 
25 52 F 1370 40.0 930.0 68.0 
26 57 F 1740 54.1 968.0 55.0 
27 77 M 2050 65.5 1270.0 62.9 

Mean 62.0 1720 59.4 1056.0 62.0 

SD 10.8 278 10.4 152.1 53 

* Died 
100 f 3 year survival 
90 ii 1. 1975~1982 45 cases 34% 

ee 2, 1983~1986 56 cases 50% 

ae L 3. this series 27 cases 40% 
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Fic. 4. Survival curves (Kaplan-Meier method) of the patients in our 
department treated by esophagectomy for esophageal cancer. Since 1983, 
wide dissection of the lymph nodes in the mediastinum and postoperative 
radiation were performed. The survival curve of the patients in the present 
series was not significantly different from that of the patients before and 
after aggressive dissection of the lymph nodes. 


Length of 
Tumor Site of 

(cm) Operation Reconstruction Prognosis 

10.0 Once Left thoracic cavity 6 mos* 
e Ao) Once Neck 15 mos* 
2.9 Once Neck 15 mos 
6.3 
2.7 


SD = standard deviation. 


plications in these patients, but some surgeons have 
questioned the safety of the technique.’ We have per- 
formed transthoracic esophagectomy with curative resec- 
tion as our goal. Of our 27 patients with pulmonary dys- 
function, two patients died of multiple organ failure sec- 
ondary to anastomotic leakage, but none died of primary 
respiratory failure. The use of high frequency ventilation 
(HFV) with a twin-lumen tube and frequent endoscopic 
suction of the intrabronchial sputum seems to have con- 
tributed to these good results.'':'*'* During HFV of the 
lung on the operated side, intrathoracic surgery is easy to 
perform; that is, the operative field can easily be widened 
by gentle compression of the lung. Table 4 shows the dif- 
ferences in blood gas values and cardiopulmonary func- 
tion before and during intrathoracic procedures in seven 
of these patients. Hemodynamic changes and results of 
blood gas analysis were within normal limits during HFJV, 
although cardiac output was decreased significantly by 
PEEP ventilation of 10 cm of H2O, as we reported pre- 
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TABLE 4. Changes of Cardiopulmonary Function Before and During Intrathoracic Procedures under Ventilation with a Twin-lumen Tube 





Pre-thoracotomy During thoracotomy 








Operated side FiO, 0.5 deflated to atmospheric P. High Frequency Jet Ventilation 
Vt 10 ml/kg dp 20 psi, RR 200 bpm 
RR 10 bpm FiO, 1.0, IJE 0.2 
Cardiac Index 3.2 + 0.4 3.1 £0.5 3.0 + 0.6 
(L/min/m7) 
PAW (cmH,0) 31.0 + 8.0 39.0 + 2.0* 38.0 + 2.0* 
PaO, (mmHg) 296.8 + 9.2 90.0 + 9.5T 291.7 + 31.0 
PaCO, (mmHg) 32:3: £ 2.2 31.6 40.5 28.9+ 0.9 
* p< 0.01. RR = respiratory rate. 
tp < 0.001. FiO, = fraction of inspired oxygen. 


PAW = peak air way pressure. 

P = pressure. 

Data were analyzed by two-way analysis of variance; differences were 
determined by Newman-Keuls test. 


Vt = tidal volume. 

dp = driving pressure. 

psi = pounds square inch. 
bpm = breaths per minute. 


viously.'° Thus unnecessary alveolar damage due to 
compression of the lung by the plate or by secondary al- 
veolar overinflation under large tidal volume ventilation 
seemed to be prevented by this type of ventilation. 

In this series of patients, postoperative death was limited 
to patients in whom anastomotic leaks took place first, 
with respiratory or renal failure occurring afterward. We 
think, therefore, that these patients were correctly judged 
to be candidates for esophagectomy. The two patients de- 
scribed in the case reports had undergone hemipneu- 
monectomy. One of these patients survived for 2 years, 
and one died of multiple organ failure. The second patient 
might have survived longer had a better anastomosis been 
possible, but it was hampered by the thickened parietal 
pleura. We conclude that, even after hemipneumonec- 
tomy, patients can be candidates for esophagectomy ifthe 
remaining lung has adequate function. During the post- 
operative care of the hemipneumonectomized patient, we 
take care not to give the patient too much free water. 
Rapid I.V. infusion of Plasmanate™ (Otaka Ltd., Tokyo, 
Japan) or albumin easily caused decreased P,O., and the 
use of a diuretic was necessary. With careful monitoring 
of the pulmonary arterial pressure and the cardiac output, 
the postoperative care of these patients can be performed 
safely. 

The survival curve of this series of patients was not 
significantly different from that of other patients who had 
undergone esophagectomy for cancer of the esophagus 
(Fig. 4). Recently, dissection of the regional lymph nodes 
for esophageal cancer has been performed aggressively, 
and postoperative radiation has been applied to the neck 
and the superior mediastinunm with favorable results, as 
shown in Fig. 4.77!° Therefore, these procedures should 
be used even in patients with pulmonary dysfunction, 
provided that the pulmonary function permits. 
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Preoperative Radiotherapy as Adjuvant Treatment 


in Rectal Cancer 


Final Results of a Randomized Study of the E uropean Organization 
for Research and Treatment of Cancer (EORTC) 
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A randomized clinical trial was conducted by the European Or- 
ganization for Research and Treatment for Cancer (EORTC) 
Gastrointestinal Cancer Cooperative Group to study the effec- 
tiveness of irradiation therapy administered in a dosage of 34.5 
Gy, divided into 15 daily doses of 2.3 Gy each before radical 


surgery for rectal cancer (T2, T3, T4, NX, MO). Four hundred . 


sixty-six patients were entered in the clinical trial between June 
1976 and September 1981. Tolerance and side effects of pre- 
operative irradiation were acceptable. The overall 5-year survival 
rates were similar in both groups. When considering only the 
341 patients treated by surgery with a curative aim, the 5-year 
survival rates were 59.1% and 69.1% in the contro] group and 
in the combined modality group, respectively (p = 0.08). The 
local recurrence rates at 5 years were 30% and 15% in the control 
group and the adjuvant radiotherapy group, respectively (p 
= 0.003). Although this study did not show preoperative radio- 


therapy to have a statistically significant benefit on overall sur- 


vival, it does have a clear effect on local control of rectal cancer. 
Therefore, before performing radical surgery, this adjuvant 
therapy should be administered to patients who have locally ex- 
tended rectal cancer. 


therapy shrinks the volume of large tumors of the 
rectum and enhances their resectability.’ However, 
the benefit of radiotherapy as adjuvant treatment to sur- 
gery with a curative aim of rectal cancers is still under 
much discussion. Its effectiveness does not appear evident 
if one considers only the results of the prospective 
randomized clinical trials that have been published 
thus far.?® 
Postoperative radiotherapy, combined with chemo- 
therapy, has been shown to improve the recurrence rate 
and the disease-free interval.° It may also have an impact, 


| T HAS BEEN KNOWN for a long time that radiation 
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albeit smaller, on survival.’ Unfortunately, postoperative 
radiotherapy is poorly tolerated in 5% of the patients and 
can lead to ileitis and other serious side effects. Its toxicity 
is compounded by the toxicity of chemotherapy when the 
two are given in combination.° 

Preoperative radiotherapy has appeared ineffective at 
doses lower than or equal to 20 Gy.* At higher doses, 
radiotherapy has clear contraindications, as we reported 
in a previous study of preoperative radiotherapy using 
34.5 Gy.'° We observed that this adjuvant treatment 
should not be administered to elderly patients, nor to pa- 
tients with atherosclerosis, cardiac deficiency, or risk of 
thromboembolic disease. | 

In 1976, the European Organization for Research and 
Treatment of Cancer (EORTC) Gastrointestinal (G.L) 
group activated a prospective multicenter phase IJI clinical 
trial to study the effectiveness of preoperative radiation 
therapy at the dose of 34.5 Gy. In an interim analysis"! 
that was made after a mean follow-up time of 3 years, we 
reported that this adjuvant treatment had no significant 
impact on the postoperative morbidity and mortality rates, 
had relatively minor side effects, and had a marked effect 
on the local recurrence rate. This clinical trial was closed 
in 1981. Today, the mean follow-up period is over 6 years 
and the number of deaths specified in the trial protocol 
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has been exceeded. The purpose of this paper is to report 
final results of this controlled trial of a high dose of pre- 
operative radiation therapy (34.5 Gy) in terms of time to 
local recurrence, distant metastases, overall disease pro- 
gression, and overall survival. 


Methods 
Eligibility Criteria for Patients’ Entry 


Patients entering this study were required to have a 
histologically proven, potentially resectable adenocarci- 
noma of the rectum located within 15 cm of the anal 
margin and no clinical or surgical evidence of distant me- 
tastases. The tumor had to be classified as either a T2, 
T3, T4, NX, or MO resectable tumor* (International 
Union Against Cancer Committee, 1968 TNM classifi- 
cation). Patients had to be fit for major surgery without 
any previous treatment for any other malignant diseases 
or for the present lesion, apart from colostomy or ex- 
ploratory laparotomy. 


Treatment Regimens 


Patients were randomized at the EORTC Data Center 
by telephone or by telex into two regimens. 

Patients of the first group were treated by surgery im- 
mediately after randomization. The most important con- 
sideration of this treatment was a complete exeresis of the 
tumor and the lymphatic drainage by a radical resection. 
When anterior resections were performed, measures had 
to be taken to minimize cancer cells contaminating the 
operating field and the anastomosis. To minimize cancer 
emboli, primary vascular ligation of inferior mesenteric 
vessels had to be performed. Radical resection with a cu- 
rative aim was performed at the discretion of the surgeon 
at the end of laparotomy, provided that no gross residual 
neoplastic tissue was left in the abdominal cavity. 

Patients of the second group (combined modality) were 
treated by radiotherapy before surgery. Treatment fields 
included the primary tumor, the adjacent lymph node 
drainage area in the pelvis, and the regional nodes along 
the superior hemorrhoidal vessels. Each daily treatment 
was to be administered by megavoltage machines (beta- 
tron or linear accelerators) by two parallel opposing an- 
terior and posterior fields extending from the lower border 
of the obturator foramina to the upper border of the sec- 
ond lumbar vertebra. The lateral border was 1 cm from 
the bony margin of the true pelvis at its widest point, and 
was close to the tips of the transverse processes in the 
lumbar region. These treated volumes were believed to 
contain most of the areas of locoregional failures.'* The 


* International Union Against Cancer Committee, 1968 TNM clas- 
sification. 
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total tumor dose was 34.5 Gy, delivered in 15 daily doses 
of 2.3 Gy each, over a period of 19 days. Dosage was 
prescribed at the midplane of the anterior-posterior central 
diameter of the field. This dosage, corresponding to 1304 
rets in the NSD formulation currently in common use, 
was considered as being of the moderate dose range, as 
compared with other regimens used for this disease.’ 
Moreover, the EORTC G.I. group showed previously that 
this regimen approaches the upper tolerance limits that 
permit operation without delay.'* After administering this 
dosage, surgery was then performed as in the first group. 

Patients underwent surgery with a mean delay of 11 
days between the end of radiotherapy and surgery. (Range 
of 1-69 days, upper quartile 14 days). 


Follow-up 


Follow-up evaluations of both treatment groups took 
place monthly during the first 3 months, every 3 months 
until the end of the second year, and yearly thereafter. 
Evaluations included physical examination, determina- 
tion of blood counts, and blood chemistries, including 
carcinoembryonic antigen level in the serum. Liver com- 
puted tomography (CT) scan or liver ultrasonography or 
scintigraphy, chest x-ray films, barium enema, and proc- 
toscopy needed to be performed at least once per year. 

When possible, suspect lesions were biopsied to confirm 
metastatic or recurrent disease. Liver scans were accepted 
as proof of tumor recurrence. Perineal recurrences after 
abdominoperineal resection had to be proven by biopsy 
or by pelvic CT scan. 


Registration, Characteristics of the Tumors, and Surgical 
Procedures 


Four hundred sixty-six patients were entered in the trial 
by 13 European institutions over a period of 5 years. Six- 
teen patients were not eligible for the following reasons: 
two patients had small tumors classified as T1 by the TNM 
classification system, five patients had a histology other 
than carcinoma. One patient had a synchronous tumor. 
Three patients had tumors located more than 15 cm from 
the anal margin. Five patients had a tumor location other 
than the rectal location, and six patients were lost to fol- 
low-up before starting their assigned treatment (three of 
each group). 

Seven patients did not undergo surgery, for various 
reasons. In the control group, two patients refused surgery. 
In the combined modality group, two patients refused 
surgery, one patient refused all therapy, and two patients 
were unable to receive therapy (one patient, 80 years of 
age, was considered too old to receive treatment, and the 
other had respiratory insufficiency). 

Of the 437 remaining patients, 341 (175 of the control 
group and 166 of the combined modality group) can be 
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TABLE 1. Distribution of Patients Treated Palliatively 
According to Treatment Group 








Radiotherapy 
Surgery + Surgery Total 
Local residual 
neoplastic tissue 19 18 n 37 
Distant metastases 27 30 57 
Bowel obstruction 
(colostomy only) ` 0 2 2 


Total 46 50 96 


considered as adequately treated following the protocol. 
Ninety-six patients were treated palliatively (46 of the 
control group and 50 of the combined modality group). 

In order to avoid statistical bias, all randomized patients 
were considered in the survival analysis, despite the fact 
that they included clear protocol violations. The distri- 
bution of patients for whom palliative surgery was per- 
formed is detailed in Table 1. The distributions of age, 
sex, T category, tumor location, surgical technique, and 
Dukes’ classification for patients with a curative resection 
are shown in Table 2. The histologic examination of the 
surgical specimen revealed a tumor sterilization in five 
patients of the preoperative radiotherapy group. 


TABLE 2. Distribution by Age, Sex, Tumor Location, Surgical 
Technique, and Dukes’ Classification According to Treatment 
Group in Patients with Curative Resection 


Radiotherapy | Total 
Surgery + Surgery (%) 

Age 

Minimum 24 28 24 

Maximum 83 78 83 

Median 62 58 60 
Male/female 99/76 107/59 206/135 
Sex ratio 1.30 1.81 1.52 
T2 77 79 156 (46%) 
T3 89 79 168 (49%) 
T4 9 8 17 (5%) 
From the anal verge 

1-5 cm 73 66 139 (41%) 

6-10 cm 79 88 167 (49%) 

11-15 cm 23 120 35 (10%) 
Abdomino-perineal 

resection 135 142 277 (81%) 
Anterior resection 24 19 43 (13%) 
Pull-through technique 13 5 18 (5%) 
Hartmann procedure 3 0 3 (1%) 
Dukes’ A 18 18 36 (11%) 
Dukes’ B 98 8E 186 (54%) 
Dukes’ C 59 5: 114 (33%) 
No residual tumor after 

preoperative 

irradiation therapy — 5 5 (2%) 
Total 175 166 341 (100%) 
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TABLE 3. Distribution of Noncompliance to Adjuvant Therapy 
by Treatment Group 





Radiotherapy 
Patients Surgery + Surgery Total 

Received radiotherapy 3 — — 
No radiotherapy — 3 3 
Excluded from radiotherapy 

treatment (70 years of 

age or older, liver 

metastases, bowel 

obstruction) — 5 5 
Received 5-FU — | i 


Total 3 9 12 


Postoperative Mortality and Postoperative Morbidity 


The postoperative mortality rate was 3.8% (3.4% in the 
control group, 4.2% in the combined modality group). 
The causes of death were reported in a previous paper. '' 
Postoperative morbidity was reported slightly more fre- 
quently and at higher degrees of severity after preoperative 
irradiation therapy. Overall, however, the difference was 
not statistically significant.’ The perineal wound healing 
duration and the median duration of hospitalization 
tended to be longer for irradiated patients. "' 


Noncompliance to Adjuvant Irradiation Therapy 


Twelve patients did not comply with the adjuvant 
treatment protocol. Three patients of the control group 
received radiation therapy, eight of the combined modality 
group did not receive radiotherapy, and one patient was 
given chemotherapy in combination with radiotherapy 
(Table 3). 


Toxicity and Side Effects of Radiotherapy 


Radiation therapy had to be discontinued for four pa- 
tients. Therapy was interrupted after 25 Gy for leukopenia 
and poor tolerance (with the patient dying of renal in- 
sufficiency 3 months after radiation therapy and radical 
surgery); therapy was also interrupted after 9.2 Gy for one 
patient’s refusal (without explanation) to receive treat- 
ment; for the third patient, therapy was interrupted after 
22.5 Gy because of diarrhea and colitis, and for the fourth 
patient, therapy was interrupted after 30 Gy because of 
the patient’s poor physical condition, related to old age 
(this 83-year-old patient died 2 months later in cachexia). 

Although long-term tolerance was fairly good, most of 
the patients treated by preoperative irradiation therapy 
suffered from diarrhea during the third week of the ad- 
ministration of irradiation; diarrhea, infection, and gen- 
itourinary disorders were more frequently reported in the 
group treated by preoperative irradiation therapy, as al- 


ready described in a previous publication.'® 
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Survival was measured from the date of randomization 
to the date of death, irrespective of its cause. Time to 
progression was measured from the date of surgery to the 
date of progression, either local or distant. Survival and 
time to progression curves were estimated by the product- 
limit procedure of Kaplan and Meier,’° and were com- 
pared through the use of the log-rank test.!© Comparisons 
were retrospectively adjusted for prognostic factors, using 
a stratified log-rank test. All statistical tests were two-tailed. 


Results 


All living patients have been followed-up, with the ex- 
ception of six patients lost to follow-up before therapy. 
The mean follow-up for both groups is 75 months. 


Survival 


Survival curves were first estimated for all 466 ran- 
domized patients (including protocol violations). The 5- 
year survival rates are 49.0% and 51.6% for the control 
group and the combined modality group, respectively (p 
= 0.69, Fig. 1). 

When considering only the 341 patients treated by sur- 
gery with a curative aim, the 5-year survival rates are 
59.1% and 69.1% for the control group and the combined 
modality group, respectively (p = 0.08, Fig. 2). The treat- 
ment comparison is not statistically significant, even after 
adjustment for age, Dukes’ grade, T classification, and 


subgroup analysis shows a remarkable treatment differ- 
ence; in patients younger than 55 years of age (n = 103), 
the 5-year survival rates are 48% and 80% for the control 
group and the combined modality group, respectively (p 
= 0.004), 

The causes of death according to Dukes’ grade and 
treatment for the patients who underwent surgery with a 
curative aim are detailed in Table 4. One patient, who 
had no residual tumor in the resected surgical specimen 
after preoperative radiation therapy, died of distant me- 
tastases in the lung. Three patients with a Dukes’ A tumor 
died of malignant disease after radical surgery alone. In 
all 56 of 175 patients of the control group, died of rectal 
cancer, as compared with 36 of 166 patients of the pre- 
operative radiation group (Table 4). 


Disease Recurrence and Progression 


Table 5 shows the type of first disease recurrence ac- 
cording to treatment group after surgical resection with a 
curative aim. The number of local recurrences is much 
lower after preoperative radiotherapy. Indeed, the local 
recurrence rates at 5 years are 30% and 15% for the control 
group and the preoperative radiation therapy group. re- 
spectively (p = 0.003, Fig. 3). 

Taking into account all randomized patients, the 5- 
year local recurrence rate is still significantly lower for the 
group receiving preoperative radiotherapy (p = 0.023, Fig. 
4). There is no difference between the treatment groups 
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in terms of time to distant metastases, as shown in Figure 
5. Of the 341 patients who underwent surgery with a cu- 
rative aim, 78 had distant metastases as a first sign of 
recurrence (39 in both groups). For most patients, the site 
of distant metastases was the liver (Table 6). Nevertheless, 
twelve patients had lung metastases as the first site, with 
six of these patients having their primary tumor located 
within the last 5 cm of the rectum, and with the remaining 
six having it located between 6 and 10 cm from the anal 


TABLE 4. Cause of Death by Dukes’ Grade and Treatment Group 
After Resection with a Curative Aim 


Fadiotherapy 
Surgery + Surgery Total 

No tumor found 

Malignant disease _ l 1 

Other causes -l — — 
Dukes’ A 

Malignant disease 3 — 3 

Other causes l 2 3 
Dukes’ B 

Malignant disease 24 13 37 

Other causes 13 14 27 
Dukes’ C 

Malignant disease 29 22 51 

Other causes 11 7 18 
Total (All Dukes’ grades) 

Malignant disease 56 36 92 


Other causes 25 23 48 


margin. Overall, the time to disease progression for all 
randomized patients is similar for the two treatment 


groups (Fig. 6). 


Discussion 


The purpose of this study was to discover whether ra- 
diation therapy has any beneficial effect when adminis- 
tered before surgical resection with a curative aim of can- 
cer of the rectum. Indeed, we know that only slightly more 
than half of the patients who have been operated on for 
such a cancer have a life expectancy of 5 years. For quite 
some time we have also known that preoperative radic- 
therapy enhances the resectability of advanced tumors of 
the rectum-——that is, tumors fixed to neighboring or- 
gans.':!7!8 It seemed interesting, therefore, to investigate 
the effect of radiotherapy on the survival time, and on 
the frequency of local recurrences or distant metastases 


TABLE 5. Type of First Disease Recurrence According to Treatment 
Group After Resection with a Curative Aim 


Radiotherapy Total 
Surgery + Surgery (P) 
No recurrence 103 113 216 (63%) 
Local 33 14 47 (14%) 
Distant 23 29 52 (15%) 
Both local and distant 16 10 26 (8%) 
Total 175 166 341 (100%) 
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and T4 (based on the 1968 TNM classification). Moreover, ative radiotherapy might be the increased number of am- 
if preoperative radiotherapy is effective, it is essential to | putations of the rectum; one could, at first sight, believe 
determine the highest possible dose that can be safely ad- that this was the case in our series, since 81% of the patients 
ministered. underwent an abdominoperineal resection (Table 2). 
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Nevertheless, radiotherapy does not appear to be the factor 
that explains this high percentage of amputations of the 
rectum; the distribution of surgical procedure is roughly 
the same for the group treated with preoperative radio- 
therapy as it is for the control group. Moreover, one should 
remember that this study was conducted between 1976 
and 1981. During that period, the criteria of an abdom- 
inoperineal amputation depended, in most institutions, 
on the possibility of touching the tumor with the fingertip 
while performing rectal palpation, and 90% of the tumors 
in our series are located within the last 10 cm of the rectum 
(Table 2). Thus, it seems that radiotherapy does not con- 
stitute a contraindication to a low anterior resection or 
to the Babcock technique, since 18% of our patients were 
treated according to these surgical procedures, without 
increased operative complications occurring in the irra- 
diated group. 


TABLE 6. Site of First Distant Recurrence by Treatment Group . 
After Resection with a Curative Aim 


al 


Radiotherapy Total 
Surgery + Surgery (%) 

Liver : 29 28 57 (73%) 
Lung 5 7 12 (15%) 
Bone 2 3 5 (6%) 
Brain l l 2 (3%) 
Peritoneal seeding 2 — 2 (3%) 
Total 39 39 78 (100%) 


The tolerance and the side effects of radiation therapy 
appear very acceptable if contraindication criteria are 
carefully checked; these, as we demonstrated in an earlier 
work’* depend principally on the age of the patient, the 
vascular perturbations due to atherosclerosis, and a history 
of thromboembolic diseases. It must be emphasized that 
many of the complications observed were seen in patients 
for whom the protocol had been violated by administering 
radiation to patients older than 70 years of age. In a pre- 
vious work,'' we summed up the side effects to radio- 
therapy: a slight increase in the duration of hospitalization 
and of wound-healing, more frequent urinary complica- 
tions, infectious episodes, and diarrhea after the operation. 
With the dose of 34.5 Gy used in our trial, there was no 
increase in postoperative mortality. | 

Noncompliance with the assigned treatment was low 
in our clinical trial: less than 7% of all randomized cases 
did not follow the assigned treatment. In some cases, this 
resulted from the patient’s refusal- to comply with the 
treatment, but in a few instances, patients in generally 
poor condition were mistakenly entered in the trial. 

The number of patients in whom curative resection 
was impossible may seem high (96 out of 466, Table 1). 
However, one should remember that at the time of this 
clinical trial, liver ultrasonography was not as reliable and 
as widely available as it is today, which may explain the 
presence of 57 nondiagnosed hepatic metastases found at 
the time of surgical intervention. In addition, over half 
of the patients had a T3 or T4 tumor, explaining the re- 
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sidual tissues found after surgery in 37 patients. This rel- 
atively high number of palliatively treated cases is evenly 
distributed between the two treatment groups. 

A common criticism of preoperative radiotherapy is its 
uselessness in patients with Dukes’ A tumors. However, 
this argument stands on thin ice: it has been shown that 
more than 7% of Dukes’ A tumors may develop local 
recurrences.!” In our series, three deaths of six of the 
Dukes’ A patients were clearly attributable to malignant 
disease. 

` We have not observed any striking down-staging effects 
caused by the administration of preoperative radiotherapy. 
The percentage of Dukes’ C tumors was about the same 
for both groups (Table 2). However, five tumors were 
completely sterilized by the administration of radiation 
before surgical resection. 

The difference in life expectancy between the group of 
patients treated with preoperative radiation and the con- 
trol group is 10% at 5 years for patients operated on with 
a curative aim (Fig. 2), and 2.6% for all patients (Fig. 3). 
Even if these results are not statistically significant, they 
do not discount that preoperative radiotherapy benefits 
those patients in whom a curative resection could be per- 
formed. These results are clearly better than those obtained 
by the Medical Research Council (United Kingdom) with 
doses of 20 Gy and 5 Gy.* They also seem more favorable 
than those of Higgins et al., who did not observe any 
difference in survival between a group treated with 31.5 
Gy before surgery and the control group.’ Survival curves 
consistently show a slight advantage for the group treated 


with preoperative radiotherapy if subgroups are looked at 
(e.g., in terms of tumor localization in the rectum, Dukes’ 
classification, or T classification). This advantage is par- 
ticularly striking for patients younger than 55 years of 
age, but the dangers of multiple comparisons when ana- 
lyzing subgroups are so great that this observation 1s, at 
best, worth anecdotal mention. In addition, the age dis- 
tribution is not well-balanced between the two treatment 
groups (38 patients younger than 55 years of age in the 
control group vs. 65 in the combined modality group), 
which casts further doubts on this result. 

Preoperative radiotherapy has a clear effect on local 
control of the disease (Figs. 3 and 4). Of the 341 patients 
operated on with a curative aim, approximately 25 (i.e., 
approximately 50%) appear to have been spared a local 
recurrence of the disease, and thus the pelvic pains that 
are known to be intolerable (Table 5). In terms of death 
after disease recurrence, radiotherapy seems to have been 
beneficial for approximately 20 patients (Table 4). 

Preoperative radiotherapy has no effect whatsoever on 
the development of distant metastases (Fig. 5), justifying 
attempts at combined adjuvant approaches, including 
chemotherapy.°® 


Conclusion 


Preoperative radiation for cancer of the rectum has sec- 
ondary effects and toxicities that are tolerable and ac- 
ceptable. It increases operative morbidity slightly, but not 
operative mortality. The incidence of local recurrences is 
twice as high for the control group as for the group re- 
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ceiving adjuvant radiotherapy, and this observed benefit 
is highly statistically significant. After curative resection, 
the survival rates at 5 years are 59% and 69% in the control 
group and in the radiotherapy group, respectively. Hence, 
a benefit in terms of life expectancy cannot be discounted, 
even though the observed difference is not statistically 
significant. Clinical trials would have to involve larger 
numbers of patients to demonstrate such small, yet clin- 
ically worthwhile, benefit on survival.?° 
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Increased Incidence of Cardiac Contusion in 
Patients with Traumatic Thoracic Aortic Rupture 





HARRY B. KRAM, M.D., PAUL L. APPEL, M.P.A., and WILLIAM C. SHOEMAKER, M.D. 


A retrospective analysis of all patients with traumatic thoracic 
aortic rupture (TAR) admitted to the hospital over a consecutive 
10-year period was performed in order to define the incidence, 
morbidity, and mortality of associated cardiac contusion (CC) in 
patients with TAR. Of the 13 patients with TAR, eight (62%) 
had associated CC. All patients with CC had two or more of the 
following positive findings: abnormal ECG, elevated myocardial- 
band creatinine kinase levels, abnormal radionuclide angiogra- 
phy/left ventricular segmental wall motion studies, or cardiac 
damage seen at surgery and postmortem examination. Four pa- 
tients with TAR suffered cardiac arrest; all of the latter patients 
had associated CC. After successful repair of the TAR, five of 
six patients with combined TAR and CC developed adult respi- 
ratory distress syndrome (ARDS), whereas only one of five pa- 
tients with isolated TAR had ARDS. All patients with isolated 
TAR survived, whereas three of eight patients suffering combined 
TAR and CC died perioperatively, secondary to cardiac arrest. 
In patients with TAR, the presence of associated CC occurs with 
increased frequency, is associated with increased morbidity (car- 
diac arrest, ARDS), and results in increased operative mortality 
secondary to cardiac instability. A branch-chain decision tree 
(clinical algorithm) was developed as a means of improving man- 
agement of patients with combined TAR and CC, including in- 
dications for preoperative pulmonary artery catheterization. 


T LEAST 15% of all persons suffering from non- 
A penetrating thoracic aortic trauma survive long 

enough to receive medical attention;' similarly, 
more than 15% of severe, nonpenetrating cardiac trauma 
victims live at least 1 hour after injury.? Both groups of 
patients can be expected to have high survival rates, pro- 
vided prompt diagnosis is accomplished and definitive 
operative repair performed when indicated.*~* Yet, in pa- 
tients suffering both thoracic aortic rupture (TAR) and 
cardiac contusion (CC), the presence of cardiac damage 
is often overlooked, secondary to diverted attention away 
from the occult cardiac injury towards the more dramatic 
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aortic rupture. The prompt diagnosis of CC is confounded 
still more by the disagreement among several investigators 
regarding the reliability of various screening tests to ac- 
curately identify cardiac injury.” !? As a result, the patient 
with TAR is usually subjected to operative repair before 
the extent of compromised myocardium is defined, and 
often this results in intraoperative hemodynamic insta- 
bility or arrhythmia secondary to unrecognized CC. 
Prompted by the recent observation that a patient who 
had both TAR and CC died intraoperatively secondary 
to cardiac arrest after aortic cross-clamping and repair, 
we performed a retrospective analysis of all patients op- 
erated on for TAR during the past 10 years; specifically, 
the incidence, morbidity, and mortality of associated CC 
was assessed. A review of the surgical literature failed to 


- reveal any previous reports investigating these issues. 


Patients and Methods 
Patients 


During the 10-year period of January 1978 to December 
1987, 13 consecutive patients with angiographically doc- 
umented acute traumatic TAR underwent operative re- 
pair consisting of aortic resection and synthetic graft re- 
placement. Patients with TAR who died en route to the 
hospital or at the scene of the accident were excluded 
from the study. Patients’ ages ranged from 17 to 69 years, 
with a mean age of 30 + 17 (SD) years; twelve patients 
were men and one patient was a woman. No patients had 
a known history of cardiac disease or previous cardiac 
symptoms. The medical records of all patients were ret- 
rospectively analyzed for the presence or absence of rel- 
evant clinical findings, which are listed in Tables 1-3. 
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TABLE 1. Clinical Data of Patients with Combined CC and TAR* 
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Patient BP 

No. Age/Sex Etiology (mmHg) ECG 

l 26/M Motorcycle accident 200/80 Right bundle 
branch block 

2 26/M Automobile accident 170/100 Inferior myocardial 
infarction 

3 17/M Automobile accident 160/80 Sinus tachycardia 

4 28/M Automobile accident 176/90 Biventricular 
hypertrophy, 
inferolateral 
ischemia 

5 20/M Automobile accident 128/78 — Inferolateral 
ischemia 

6 22/M Motorcycle accident 200/90 Sinus tachycardia 

7 69/M Automobile accident 122/50 Bradycardia, right 
bundle branch 
block, lateral 
ischemia 

8 36/M Automobile accident 110/50 Bradycardia, 
anteroseptal- 
inferior MI 


* Patients 6 and 7 had cardiac contusions identified at operation and 


Methods 


In addition to the performance of a complete history, 
physical examination, and other indicated procedures at 
the time of admission, all patients had a 12-lead electro- 
cardiogram (ECG) and blood samples drawn for serum 
enzyme determinations, including myocardial-band cre- 
atinine kinase (CK-MB) levels. The ECG and serum en- 
zyme studies were repeated daily for at least 3 days, and 
were followed by further repetitive studies if found to be 


CK-MB RNA/LVSWM Postmortem 
Normal LVEF 50%, RVEF 35%, 
anterior wall 
hypokinesis 
Elevated LVEF 53%, RVEF 48%, 
anterior wall 
hypokinesis 
Elevated 
Elevated 
Normal LVEF 50%, RVEF 40%, 
anterior wall 
hypokinesis 
Elevated Massive contusion with apical 
infarction 
Multiple contusions with 
hemorrhage and 
perforation 
Elevated 


postmortem examination. 


abnormal. Patients were also observed for the possible 
development of cardiac arrhythmias using continuous 
ECG monitoring. 

Seven patients underwent radionuclide ventricular an- 
glography (RNA) and first-pass left ventricular segmental 
wall-motion (LYSWM) studies within 48 hours of hospital 
admission. First-pass right anterior oblique and multigated 
equilibrium left anterior oblique assessment of right and 
left ventricular ejection fractions (RVEF and LVEF), as 
well as LVSWM, was performed; left ventricular dyski- 


TABLE 2. Perioperative Data of Patients with Combined CC and TAR 


Aortic 
Patient Time to Cross-clamp 
No. Operation Time Postoperative Complications Outcome 

1 6 hours 27 minutes None Survived 

2 12 hours 30 minutes Hypertension, ARDS, renal failure Survived 

3 15 hours 55 minutes Hypertension, ARDS Survived 

4 5 days 50 minutes _ ARDS, cardiac arrest Survived 

5 14 hours 35 minutes Hypertension, ARDS Survived 

6 6 hours 22 minutes Died intraoperatively, secondary to cardiac arrest 
7 4 hours 35 minutes Died intraoperatively, secondary to cardiac arrest 
8 12 hours 120 minutes Hypertension, ARDS, Cardiac Died on 5th postoperative day, secondary to 


arrest 


cardiac arrest 


Note that cardiac arrest occurred in four patients and ARDS in five patients. 
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netic areas were confirmed by phase analysis of gated 
data.!! Using this technique, normal LVEF and RVEF 
values are 62 + 5% (SD) and 50 + 4%, respectively. 


Results 


Of the 13 patients with TAR, eight (62%) had associated 
CC. All patients with CC had two or more of the following 
positive findings: abnormal ECG, elevated CK-MB levels, 
abnormal RNA/LVSWM studies, or cardiac damage seen 
at surgery and postmortem examination. Additional in- 
juries occurred in all patients and were equally distributed 
between TAR victims both with and without CC. 

Four patients with TAR suffered cardiac arrest; all of 
the latter patients had associated CC. Postoperatively, five 
of six patients (83%) with combined TAR and CC who 
survived operation developed the adult respiratory distress 
syndrome (ARDS), whereas only one of five patients (20%) 
with isolated TAR developed ARDS. The most common 
postoperative complication was hypertension, occurring 
_ in eight of eleven patients (73%); its incidence, however, 
was not significantly different between TAR victims with 
and without CC. In most cases, hypertension was easily 
controlled with medical therapy. All patients with isolated 
TAR survived and were discharged from the hospital in 
good condition, whereas three of eight patients (38%) suf- 
fering from combined TAR and CC died—two dying in- 
traoperatively secondary to cardiac arrest after aortic cross- 
clamping and one dying secondary to cardiac arrest on 
the fifth postoperative day. Cardiac injury was grossly ev- 
ident during surgery in two of the latter patients, including 
a case of transmural ventricular perforation due to massive 
CC. Postmortem examination of the latter patients re- 
vealed a massive contusion with apical infarction in one 
and multiple myocardial contusions and hemorrhages in 
the other. 


Discussion 


Data of the present study indicate that more than half 
of patients suffering from TAR secondary to blunt chest 
trauma may be harboring an occult CC. More impor- 
tantly, in the present series, CC was associated with an 
increased risk of perioperative cardiac arrest and death. 
The incidence of CC in blunt chest trauma victims who 
did not have TAR admitted to the hospital during the 
same period was only 15% and was not associated with 
an increased risk of cardiac death.* 

The risk of postoperative ARDS after successful repair 
of a TAR also appears to be increased in patients with 
associated CC. Whether this is due to the pulmonary vas- 
cular response to trauma (increased pulmonary vascular 
resistance) or to ventricular dysfunction alone cannot be 
answered by this study. However, Sutherland et al.® re- 
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TABLE 3, Perioperative Complications in 13 Patients with TAR, 

with and without CC 

With CC Without CC 

No. of patients 
Cardiac arrest 
ARDS 
Hypertension 
Renal failure 
Pneumonia 
Paraplegia 
Death 


* + 


ted QD pee ee Un fe 00 
Dee ee ee Pe OU 


* p < 0.05. 

Note that patients with combined TAR and cardiac contusion had a 
greater incidence of cardiac arrest, ARDS and death compared with pa- 
tients who had isolated TAR. 


ported elevated pulmonary vascular resistance and right 
ventricular dysfunction in their patients with CC; in par- 
ticular, right ventricular dysfunction may help cause al- 
ready maldistributed pulmonary blood flow to worsen, 
setting the stage for ARDS. Further studies are necessary 
to settle this issue. 

The association of CC with TAR in victims of blunt 
chest trauma may create diagnostic and therapeutic di- 
lemmas. For example, a systolic murmur heard over the 
precordium is not rare in TAR.* However, in patients 
suffering from CC, a systolic murmur may indicate mitral 
valve dysfunction secondary to papillary muscle rupture. 
Echocardiography may be valuable in identifying valvular 
damage after traumatic injury in these patients.!? Fur- 
thermore, although intra-aortic balloon counterpulsation 
may be effective therapy for refractory low cardiac output 
secondary to CC,'*'* its use is contraindicated in patients 
with TAR. Thus, the management of patients with com- 
bined TAR and CC requires more than merely doubling 
diagnostic tests and therapies. 

We conclude that in patients with TAR, the presence 
of CC occurs with increased frequency, is associated with 
increased morbidity (cardiac arrest, ARDS), and results 
in increased operative mortality (secondary to cardiac in- 
stability). It is recommended that hemodynamically stable 
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patients with TAR undergo a 12-lead ECG, continuous 
ECG monitoring, and determination of CK-MB levels, 
followed by immediate RNA/LVSWM studies if arrhyth- 
mia, ischemic changes, or elevated CK-MB levels are 
present. In patients with abnormal RNA/LVSWM studies 
or cardiac valvular damage, preoperative hemodynamic 
optimization using a pulmonary artery (PA) catheter is 
indicated for surgical repair of the TAR (Fig. 1). If RNA/ 
LVSWM studies are not immediately available, patients 
with arrhythmia, ischemic changes, or elevated CK-MB 
levels are probably best managed by hemodynamic op- 
timization using a PA catheter because of the high prob- 
ability that occult CC is present. 
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Spontaneous Aortic Dissection in the Presence of 
Coexistent or Previously Repaired Atherosclerotic 


Aortic Aneurysm 





RICHARD P. CAMBRIA, M.D., DAVID C. BREWSTER, M.D., ASHBY C. MONCURE, M.D., 


Acute aortic dissection occurred in 18 patients who had previously 
diagnosed atherosclerotic aneurysms of the thoracic and/or ab- 
dominal aorta. These patients were reviewed to assess the clinical 
course when these two forms of aortic pathology coexist. Patients 
were grouped according to status of their atherosclerotic aneu- 
rysm (previously repaired ys. untreated) and the segments of the 
aorta effected by the acute spontaneous dissection. Group 1 pa- 
tients (n = 5) had previously undergone-abdominal aortic aneu- 
rysmectomy (AAA) repair, and the abdominal aortic suture line 
effectively terminated the dissection process. In Group 2 patients 
(n = 5), the acute dissection and the atherosclerotic aneurysm 
involved different segments of the aorta. Group 3 patients 
(n = 8) experienced spontaneous aortic dissection involving ath- 
erosclerotic aneurysms (five infrarenal, three thoracoabdominal), 
with threatened or actual rupture occurring in six patients, re- 
sulting in three deaths. In Group 3 patients, rupture occurred 
both at the atherosclerotic aneurysm (four patients) and at the 
site of the aortic intimal tear of the dissection (two patients) 
after AAA repair. The use of Magnetic Resonance Imaging 
(MRI) has proven to be highly accurate in delineating the nature 
and extent of pathology in recently encountered patients with 
complicated aortic disease. Coexistence of atherosclerotic aneu- 
rysm and acute dissection appears to increase the risk of aortic 


rupture, in both proximal and distal aortic segments. 
R all patients with acute aortic dissection, and this 
complication is strongly correlated with early 
mortality.'* Rupture complicating spontaneous aortic 
dissection generally occurs in the proximal thoracic aorta, 
at the site of the aortic intimal tear.** Patients with pre- 
existent atherosclerotic aneurysm of the thoracic and/or 
abdominal aorta and patients who had undergone pre- 
vious prior graft repair of the thoracic and/or abdominal 
aorta harbor a locus in the aorta that may potentially 
change both the incidence and site of rupture. As such, 
indications for definitive surgical therapy in this relatively 


UPTURE OF THE AORTA occurs in nearly 20% of 
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uncommon circumstance may differ from the accepted 
approach for both the atherosclerotic aneurysm and the 
acute dissection. This issue is particularly relevant in that 
population where these two types of pathology are likely 
to coexist—that is, in patients with Debakey Type III dis- 
sections (originating in the descending thoracic aorta), who 
tend to be older and who have a higher incidence of hy- 
pertension when compared with those having Types I and 
II dissection.'* Furthermore, the role of surgical therapy 
in these patients requires definition because treatment of 
patients with uncomplicated Type II dissections may or- 
dinarily consist of medical therapy alone.’ 

We reviewed the course of a group of patients afflicted 
with both atherosclerotic aortic aneursym and acute dis- 
section of the aorta to determine if their coexistence altered 
the expected natural history of either lesion or the optimal 
mode and priority of treatment. We also report recent 
experience with Magnetic Resonance Imaging (MRI) in 
the evaluation of these patients. 


Patients and Results 


Patients were identified from recent experience and 
from a previous review of over 300 patients with aortic 
dissection.’ In all cases, the diagnosis of both atheroscle- 
rotic (the terms “atherosclerotic” and “‘degenerative” are 
used interchangeably) aneurysm and aortic dissection were 
made by a combination of clinical, radiographic, and op- 
erative or autopsy findings. Spontaneous dissections only 
were considered. Aortic dissection was classified according 
to the Debakey system,’ and the acute phase of the disease 
was defined as the 2-week period after the onset of symp- 
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TABLE 1. Clinical Characteristics of Group 3 Patients 
Patient Size/Location of 
No. Type AD - Athero Aneurysm Location/Date of Rupture Therapy Outcome 
I HI B 7 cm/AAA Thoracic Intimal Tear—7/71 AAA graft Died secondary to TA 
TA graft rupture 
2 HI B 8 cm/AAA AAA—2/76 Medical for AD Died secondary to AAA 
AAA graft rupture 
3 IH B 7 cm/AAA Thoracic Intimal Tear—12/75 AAA graft Died secondary to TA 
rupture, 13th postop 
day after AAA graft 
4 HI B 6 cm/AAA Junction AAA and AD—9/83 TAA graft Did well 
5 IA 5 cem/TAA Junction TAA and AD—9/84 TAA graft Intraoperative death 
6 Ili B 6 cm/AAA Junction AAA and AD—10/85 AAA graft Died of renal failure 
after ruptured AAA 
7 II A* 5 cm/TAA None AAA graft Did well 
TAA graft 
8 HI B 5 cm/TAA None Medical RX Awaiting aortic repair 
AD 
Urgent CABG 


* Atypical dissection originated in TAA. 
AAA = Abdominal Aortic Aneurysm. 
TA = Thoracic Aorta. 


toms. In our hospital, Types I and II dissections are treated 
with prompt surgical repair, whereas uncomplicated Type 
III dissections are preferentially treated with medical 
therapy. The status of the atherosclerotic aneurysm (un- 
treated vs. previously grafted) and whether or not the dis- 
section process and degenerative aneurysm involved the 
same segments of the aorta permitted convenient division 
of patients into three groups. 


Group 1 


The five patients of Group 1 had undergone elective 
grafting of an infrarenal abdominal aortic aneurysm 
(AAA) before presenting with a spontaneous aortic dis- 
section that progressed to the abdominal aorta and in- 
volved the site of previous aortic surgery. The longest in- 
terval between AAA repair and spontaneous dissection 
was 7 years, but for five patients, this interval was less 
than 3 years. All of these patients sustained Type III B 
dissections (intimal tear distal to the left subclavian artery 
and dissection proceeding through the abdominal aorta), 
which terminated at the suture line cf the previous AAA 
repair, as verified by angiography (in two patients), op- 
erative exploration (in two patients) and autopsy (in one 
patient). A single patient experienced rupture of the tho- 
racic aorta (at the site of the intimal teer) and died, whereas 
two additional patients died of renal failure in the acute 
phase of the dissection. Rupture at a previous aortic suture 
line was not seen. 


TAA = Thoracoabdominal Aortic Aneurysm. 
AD = Acute Dissection. 
Athero Aneurysm = atherosclerotic aneurysm. 


Group 2 


The five patients of Group 2 experienced acute dissec- 
tions; one patient experienced Type I, two patients had 
Type II, and two patients had Type IH A. These acute 
dissections did not involve the infrarenal aorta, where 
three patients had untreated AAA and two additional pa- 
tients had previously undergone AAA resection. Thus, 
the spontaneous dissection and the degenerative aneurysm 
involved different segments of the aorta. A single patient 
died during attempted correction of a Type I dissection. 
Two survivors of definitive surgical repair of Type II dis- 
section underwent subsequent AAA repair within | year 
with good results. The two patients who had Type HI A 
(confined to the descending thoracic aorta) dissections and 
who had had previous AAA repair were treated medically 
with favorable outcomes. 


Group 3 


The eight patients of Group 3 experienced acute dis- 
section that extended to or involved coexisting unoperated 
atherosclerotic aneurysms (five patients had AAA, and 
three had thoracoabdominal aneurysm). These patients 
harbored Type III dissections for either days or weeks, 
and thoracic aortic rupture (at the site of the intimal tear) 
occurred in two patients after graft repair of the athero- 
sclerotic AAA. In four additional patients (Patients 2, 4, 
5, and 6—Table 1), contained or frank rupture occurred: 
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Fics. 1A and B. (A) Anteroposterior and (B) lateral aortogram in a patient 
(Patient 4, Table |) presenting with back pain and a 6-cm AAA. Contained 
rupture (single arrow) occurred at the juncture of a Type III B dissection 
and the AAA. Smooth compression of true lumen (A) (double arrows) 
suggests acute dissection of the thoracic aorta, which was confirmed at 
operation. Graft replacement of the thoracoabdominal aorta was curative. 
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at the junction of the dissecting process and the athero- 
sclerotic aneurysm (Figs. 1A and B). In six patients pre- 
senting with back pain and known degenerative aneu- 
rysms, the presence of aortic dissection was not appre- 
ciated on the basis of clinical and angiographic findings. 
This diagnostic uncertainty contributed to one death (Pa- 
tient 5, Table 1) when technical difficulties in dealing with 
the dissected aorta arose. Recent experience with two pa- 
tients (Patients 7 and 8, Table 1) who presented with back 
pain and extensive atherosclerotic aneurysm of the thor- 
acoabdominal aorta has demonstrated the utility of MRI 
in such circumstances. Both patients were shown to have 
superimposed Type III B dissections to account for their 
symptoms of back pain. The diagnosis of the first patient 
was based on the detection of an intimal flap and two 





patent vascular lumens in the descending thoracic aorta. 
In the second patient, the diagnosis was made by the de- 
tection of hematoma in the wall of the thoracoabdominal 
aorta. The angiographic and computed tomographic (CT) 
images were unable to distinguish dissection from irregular 
thrombus in an aortic aneurysm. In Patient 7, operative 
findings confirmed the precise extent and nature of pa- 
thology suggested by MRI (Figs. 2A and B). 


Discussion 


Acute dissection occurring in an aorta previously af- 
flicted with degenerative, atherosclerotic aneurysm is un- 
usual. Large autopsy and clinical series of aortic dissection 
make scant mention of this combination of aortic pa- 
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Fics, 2A and B. (A) Thoracic aortogram and (B) MRI scan of a patient (Patient 7, Table 1) presenting with back pain and an aneurysm of the 
thoracoabdominal aorta as defined by angiography and CT scan. Angiography revealed irregular atherosclerotic plaque (single arrow) but no definitive 
signs of aortic dissection. T1 weighted MRI scan demonstrated high intensity (bright) linear regions in the outer circumference of the aorta (B) 
(arrows), which was also seen on T2 weighted images. These were interpreted as early (fresh) hematoma, thus indicating a dissection. Note also 
irregular plaque corresponding to that shown on aortogram (A). Operative findings confirmed the radiographic diagnosis and demonstrated that the 
dissection originated in the atherosclerotic aneurysm. Graft replacement of the thoracoabdominal aorta was curative. 


thology.*’ Indeed, in collecting both our recent experience 
and patients identified in a 20-year review of 325 cases 
of spontaneous dissection, it appears that only 5% of acute 
dissections occur in the aorta of patients with coexistent 
or previously operated degenerative aneurysmal disease. ! 
This is due, in part, to the lower mean age of those afflicted 
with acute dissection.? However, in our experience, the 
mean age of patients with distal (Type III A and B) dis- 
sections (63 years) is not significantly different from that 
of our elective AAA surgery population (69 years). Thus, 
the rare coexistence of these forms of aortic pathology is 
consistent with the prevailing opinion concerning their 
different etiologic factors.*4 

Not surprisingly, the combination of degenerative 
aneurysm and acute dissection increased the risk of aortic 
rupture. Three fourths of our Group 3 patients experi- 
enced rupture (four within the degenerative aneurysm and 


two at the site of the aortic intimal tear). All of these 
patients had Type III dissections, for which the risk of 
rupture is ordinarily in the range of 10%, a percentage 
significantly less than that of the risk of rupture in patients 
with proximal (Types I and II) dissections.' This difference 
in the risk of rupture forms, in part, the rationale for med- 
ical therapy in patients with uncomplicated Type III dis- 
sections.’ The frequency of rupture of the abdominal aorta 
in the patients detailed in this report is quite atypical of 
patients who have had acute dissection. Although rupture 
in the abdominal aorta has been recognized since the early 
days of surgical therapy for dissection,® and Hunter et al. 
have demonstrated the utility of abdominal aortic graft 
replacement in this setting, such abdominal aortic rupture 
is rare.” In our review of 325 patients with aortic dissec- 
tion, rupture in the abdomen occurred only in the setting 
of antecedent degenerative aneurysm. ! 
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These findings have important implications for therapy 
in an era when “uncomplicated” Types III A and B dis- 
section are preferentially treated with medical therapy in 
many institutions, including our own. Our experience 
would indicate that the presence of a juxtaposed athero- 
sclerotic aneurysm greater than 5 cm constitutes a ““com- 
plicated” Type III dissection, and standard antihyperten- 
sive therapy has failed to prevent aortic rupture. Because 
rupture occurred most frequently in the degenerative 
aneurysm, initial surgical priority should be given to the 
aortic segment where both forms of pathology coexist 
(usually the infrarenal abdominal aorta). However, if ab- 
dominal operation is conducted during the acute phase 
of the dissection, the proximal aortic suture line should 
be fenestrated, as previously emphasized, to forestall rup- 
ture at the uncorrected proximal intimal tear.'?'° Two 
of our Group 3 patients experienced thoracic rupture of 
their dissections, at 2 and 8 weeks after abdominal aneu- 
rysm repair, respectively. In both of these patients, sig- 
nificant aneurysmal dilatation of the outer wall of the 
false lumen in the chest was present, indicating risk of 
rupture and the need for definitive surgical repair of the 
origin of the dissection. 

The role of atherosclerotic plaque in the natural history 
of aortic dissection is uncertain. The careful analysis of 
pathology made by Roberts suggests that atherosclerotic 
plaque frequently serves to terminate the dissection pro- 
cess.* Thus, in younger patients with a proximal intimal 
tear, the entire aorta is often involved (Type I dissection). 
Yet, after reviewing 64 surgically treated patients with 
Types III A and B dissections, Jex et al. noted athero- 
sclerosis in 83% of these patients. Slater and DeSanctis 
reported that dissection can originate in atherosclerotic 
plaque, and this was confirmed at the time of operation 
in one of our patients.'' Our findings suggest that, although 
atherosclerotic plaque itself may be “protective” in serving 
to terminate the dissection process, the situation is quite 
different when atherosclerotic or degenerative aneurysm 
is present. In such a circumstance, rupture of the pre- 
existent aneurysm is the more likely scenario. 

MRI was particularly useful in the case of two patients 
(Patients 7 and 8) who were recently seen with known 
thoracoabdominal aneurysm and who presented with 
back pain (Table 1, Fig. 2A and B). MRI is a powerful 
imaging modality for investigating the vascular tree be- 
cause of its multidimensional display capabilities, the 
special effects of flowing blood, and the high contrast be- 
tween flowing blood and the vascular wall. MRI offers a 
number of advantages for tissue characterization of the 
wall of the aorta. Specifically, T1 and T2 weighted images 
have the ability to identify a perivascular or intramural 
hematoma, and characterize the components present in 
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the blood clot.'* The natural evolution of a hematoma 
may be followed, based on MRI analysis of its chemical 
constituents. These chemical constituents have different 
magnetic and paramagnetic properties that alter the signal 
intensity on the magnetic resonance image. Increased sig- 
nal on a T1 weighted image with an increased signal on 
a T2 weighted image when methemoglobin is present in 
the hematoma has been described.'* Although slow flow 
in the lumen of the aorta may also show bright signal on 
certain pulse sequences, hematoma in the wall of the aorta 
can be distinguished by a combination of T1 and T2 
weighted pulse sequences." The definitive MR diagnosis 
of aortic dissection requires identification of an intimal 
flap, with blood flow on each side of the flap when the 
false channel is patent.'* In the case where the false chan- 
nel is thrombosed, MRI appears useful in distinguishing 
fresh clot from chronic mural thrombus.'* Another ad- 
vantage of MRI is its ability to image aneurysms and dis- 
sections with respect to the great vessels of the aortic arch, 
mesenteric, and renal arteries. Although the CT scan is 
generally able to exclude aneurysm rupture, both the CT 
scan and angiography failed to delineate the presence of 
aortic dissection in several of these patients. This was use- 
ful information, affording an explanation for the back 
pain (dissection vs. rupture) and permitting deliberate, 
elective operation to be performed. In one case (Patient 
7, Table 1) the dissection was found to originate within 
a thoracoabdominal aneurysm in the region of the dia- 
phragm and to extend in retrograde fashion and thus in- 
volve the distal half of the descending aorta. No threat of 
an uncorrected proximal intimal tear remained. In an- 
other patient with an atherosclerotic TAA (Patient 8, Ta- 
ble 1), MRI detected a dissection channel that accounted 
for back pain. Unstable angina prompted coronary re- 
vascularization, and the aorta was treated with medical 
therapy. Interval graft replacement of the aneurysm is 
planned. 


Summary 


The unusual coexistence of aortic dissection and a pre- 
existent atherosclerotic aneurysm appears to increase the 
risk of rupture, particularly at the confluence of the two 
lesions. When these two forms of aortic disease occur syn- 
chronously, but do not involve the same segments of the 
aorta, the natural history appears to conform to the ex- 
pected course of each lesion considered individually. An 
aortic suture line from a previously placed aortic graft 
appears protective in terminating a subsequent acute dis- 
section. MRI has proven useful and accurate in delineating 
the nature and extent of pathology in these patients. The 
prohibitive risk of rupture in such patients warrants an 
aggressive surgical approach. 
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For half a century, the Atlas of Surgi- 
cal Operations has presented a stan- 
dard of patient care and technical 
excellence that is the hallmark of the 
master surgeon. 

The new sixth edition continues in 
this tradition with coverage of more 
than 200 standard and uncommon 
surgical procedures, presented in 
step-by-step fashion and accom- 
panied by anatomical illustrations of 


Thoroughly revised and updated, 
the new edition is effective as a guide 
and reference. A concise, lucid dis- 
cussion of each procedure, with indi- 
cations for surgery, preoperative 
preparations, anesthesias, position 
of patients, incisions and exposures, 
full procedural details, closures, and 
postoperative care, is given with 
corresponding illustrations on the 
facing page. 
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e 14 new surgical procedures 
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radical mastectomy, shouldice her- 
niorraphy, ileonanal anatomosis, 
saphenous vein “in situ” arterial 
bypass, and parathyroidectomy 


e a revised section on stapling 
e a new chapter on ambulatory surgery 
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Mild cases of pseudomembranous colitis may respond to drug discontinuance alone. In more 

severe Cases, management may include sigmoidoscopy, appropriate bacteriological studies, 

fluid, electrolyte, and protein supplementation, and the use of a drug such as oral vancomy- 

as neti Isolation of the patient may be advisable. Other causes of colitis should also 
e considered. 


Precautions: Genera/—CNS adverse experiences such as confusional states, myoclonic 
activity, and seizures have been reported during treatment with PRIMAXIN, especially when 
recommended dosages were exceeded. These experiences have occurred most commonly in 
patients with CNS disorders (e.g., brain lesions or history of seizures) and/or compromised 
renal function. However, there have been reports of CNS adverse experiences in patients who 
had no recognized or documented underlying CNS disorder or compromised renal function. 


Patients with severe or marked impairment of renal function, whether or not undergoing 
hemodialysis, had a higher risk of seizure activity when receiving maximum recommended 
doses than those with no impairment of renal function; therefore, maximum recommended 
doses should be used only where clearly indicated (see DOSAGE AND ADMINISTRATION). 


Patients with creatinine clearances of <5 mL/min/1.73 m? should not receive PRIMAXIN 
unless hemodialysis is instituted within 48 hours. 


For patients on hemodialysis, PRIMAXIN is recommended only when the benefit outweighs 
the potential risk of seizures. 


Close adherence to the recommended dosage and dosage schedules is urged, especially in 
patients with known factors that predispose to convulsive activity. Anticonvulsant therapy 
should be continued in patients with known seizure disorders. If focal tremors, myoclonus, or 
seizures occur, patients should be evaluated neurologically, placed on anticonvulsant therapy 
if not already instituted, and the dosage of PRIMAXIN re-examined to determine whether it 
should be decreased or the antibiotic discontinued. 


As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of nonsus- 
ceptible organisms. Repeated evaluation of the patient's condition is essential. If superinfec- 
tion occurs during therapy, appropriate measures should be taken. While PRIMAXIN pos- 
sesses the characteristic low toxicity of the beta-lactam group of antibiotics, periodic 
assessment of organ system function during prolonged therapy is advisable. 


Drug Interactions—Since concomitant administration of PRIMAXIN and probenecid results in 
only minimal increases in plasma levels of imipenem and plasma half-life, it is not recom- 
mended that probenecid be given with PRIMAXIN. 


PRIMAXIN should not be mixed with or physically added to other antibiotics. However, PRI- 
MAXIN may be administered concomitantly with other antibiotics, such as aminoglycosides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Gene toxicity studies were performed 
in a variety of bacterial and mammalian tests in vivo and in vitro. The tests were: V79 mamma- 
lian cell mutation assay (PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
alone), unscheduled DNA synthesis assay (PRIMAXIN), and in vivo mouse cytogenicity test 
(PRIMAXIN). None of these tests showed any evidence of genetic damage. 


Reproduction tests in male and female rats were performed with PRIMAXIN at dosage levels 
up to 8 times the usual human dose. Slight decreases in live fetal body weight were restricted 
to the highest dosage level. No other adverse effects were observed on fertility, reproductive 
performance, fetal viability, growth, or postnatal development of pups. Similarly, no adverse 
effects on the fetus or on lactation were observed when PRIMAXIN was administered to rats 
late in gestation. 

Pregnancy—Pregnancy Category C: Teratogenicity studies with cilastatin sodium in rabbits 
and rats at 10 and 33 times the usual human dose, respectively, showed no evidence of 
adverse effect on the fetus. No evidence of teratogenicity or adverse effect on postnatal growth 





or behavior was observed in rats given imipenem at dosage levels up 
to 30 times the usual human dose. Similarly, no evidence of adverse 
effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 


Teratology studies with PRIMAXIN at doses up to 11 times the usual 
human dose in pregnant mice and rats during the period of major 
organogenesis revealed no evidence of teratogenicity 


Data from preliminary studies suggest an apparent intolerance to 
PRIMAXIN (including emesis, inappetence, body weight loss, diar- 
rhea, and death) at doses equivalent to the average human dose in 
pregnant rabbits and cynomolgus monkeys that is not seen in non- 
pregnant animals in these or other species. In other studies, PRI- 
MAXIN was well tolerated in equivalent or higher doses (up to 11 
times the average human dose) in pregnant rats and mice. Further 
Studies are under way to evaluate these findings. 


There are, however, no adequate and well-controlled studies in preg- 
nant women. PRIMAXIN should be used only if the potential benefit 
justifies the potential risk to the fetus. 


Nursing Mothers—tt is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when PRIMAXIN is adminis- 
tered to a nursing woman. 


Pediatric Use—Satety and effectiveness in infants and children below 12 years of age have not 
yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 patients 
treated in clinical trials were severely ill and had multiple background diseases and physio- 
logical impairments, making it difficult to determine causal relationship of adverse experi- 
ences to therapy with PRIMAXIN. 


Local Adverse Reactions—Local adverse clinical reactions that were reported as possibly, 
probably, or definitely related to therapy with PRIMAXIN were: phlebitis/thrombophlebitis 
(3.1%), pain at the injection site (0.7%), erythema at the injection site (0.4%), vein induration 
(0.2%), infused vein infection (0.1%). 


Systemic Adverse Reactions—The most frequently reported systemic adverse clinical reac- 
tions that were reported as possibly, probably, or definitely related to PRIMAXIN were: nausea 
(2.0%), diarrhea (1.8%), vomiting (1.5%), rash (0.9%), fever (0.5%), hypotension (0.4%), 
seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), pruritus (0.3%), urticaria (0.2%), 
somnolence (0.2%). 


Additional adverse systemic clinical reactions reported as possibly, probably, or definitely 
drug related occurring in less than 0.2% of the patients or reported since the drug was mar- 
keted are listed within each body system in order of decreasing severity: Gastrointestinal— 
pseudomembranous colitis (see WARNINGS), hemorrhagic colitis, gastroenteritis, 
abdominal pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, increased 
salivation; CVS—encephalopathy, tremor, confusion, myoclonus, paresthesia, vertigo, head- 
ache, psychic disturbances; Special Senses—transient hearing loss in patients with impaired 
hearing, tinnitus; Respiratory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain; Cardiovascu/ar—palpitations, tachycardia; Rena/—oliguria/anuria, polyuria; Skin— 
erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin texture changes, 
candidiasis, pruritus vulvae; Body as a Whole—polyarthralgia, asthenia/weakness. 


Adverse Laboratory Changes—Adverse laboratory changes without regard to drug relation- 
ship that were reported during clinical trials or reported since the drug was marketed were: 
Hepatic—increased SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH: Hemic— 
increased eosinophils, positive Coombs test, decreased WBC and neutrophils, including 
agranulocytosis, increased WBC, increased platelets, decreased platelets, decreased hemo- 
globin and hematocrit, increased monocytes, abnormal prothrombin time, increased lympho- 
cytes, increased basophils: E/ectro/ytes—decreased serum sodium, increased potas- 
sium, increased chloride; Rena/—increased BUN, creatinine; Urinalysis—presence of urine 
protein, urine red blood cells, urine white blood cells, urine casts, urine bilirubin, and urine 
urobilinogen, 


NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that the maxi- 
mum total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever is lower. 


How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials, infusion bottles, 
and single-dose ADD-Vantage"* vials containing imipenem anhydrous and cilastatin sodium 
as follows: 250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem 
equivalent and 500 mg cilastatin equivalent. 


Caution: The suspension from vials is‘not for direct infusion. 


‘Registered trademark of Abbott Laboratories, Inc. ot tn. di 
For more detailed information, consult your MSD Representative or see MERCK 
Prescribing Information. Merck Sharp & Dohme, Division of Merck & Co., Inc., SHARPs 
West Point, PA 19486 J7PR26R(407) DOHME 


*when indicated organisms are suspected at indicated sites 





A Clinical Survey of Aortobifemoral Bypass Using 
Two Inherently Different Graft Types 
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The performance of knitted Dacron and polytetrafluoroethylene 
(PTFE) bifurcated grafts are compared in this study of 312 pa- 
tients at a single institution. Patients of the two graft groups 
were statistically well-matched in risk factors and degree of distal 
obstructive disease. Operating time needed to implant either graft 
was approximately equal. For patients with abdominal aortic 
aneurysms, mean volume of blood transfused was 2.2 units for 
Dacron grafts and 0.2 units for PTFE grafts; for patients with 
aortoiliac occlusive disease, the comparable figures were 1.1 units 
and 0.1 units, respectively. Four-year cumulative patency for 
Dacron (90%) and PTFE (97%) grafts were not significantly 
different (p > 0.01). Complications affected 13% of the patients 
of the Dacron group and 4% of the PTFE group. All six graft 
infections and all seven graft double-limb thromboses occurred 
in Dacron grafts. Anastomotic aneurysms, amputations, and late 
graft revisions occurred with greater frequency in patients with 
Dacron grafts. 


contemporaneous with the rise of surgical tech- 

niques for managing aneurysm and occlusive 
disease in the abdominal aorta. Oudot pioneered the use 
of resection and replacement of the aortic bifurcation with 
a homograft in 1951.' The following year, Voorhees, Jar- 
etzki, and Blakemore began using tubes of porous para- 
chute nylon to replace sections of the aorta in humans.” 
About 1957, Dacron emerged in a number of centers as 
the preferred material from which to fabricate arterial 
prostheses for aortic reconstruction.*“ 

During the ensuing 30 years, there have been many 
clinical series published on the efficacy of Dacron in aor- 
tobifemoral bypass.*~* In 1976, we began a study of clinical 
outcomes of aortobifemoral bypass, using knitted Dacron 
grafts that we hoped would yield data with which to com- 
pare to the accumulated experience of other centers. Our 
experience with these grafts had involved more than 100 
patients, when, in 1980, the expanded polytetrafluoroeth- 
ylene (PTFE) bifurcated graft was introduced. Because 


a HE ORIGIN of the synthetic vascular graft was 
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PTFE had previously been proven effective in peripheral 
bypass and did not require preclotting, we began to im- 
plant it, using the protocol of the Dacron study. After 
implanting the two grafts concurrently for a short time, 
we restructured our study to be a comparison of two graft 
types that are radically different in material and method 
of fabrication. 


TABLE 1. Distribution of Risk Factors Among Patients Receiving 
Dacron or PTFE Bifurcated Grafis 


Graft Type 

Risk Factor Dacron PTFE 
Age >70 years 26 (18%) 28 (16%) 
Diabetes 27 (19%) 39 (23%) 
Cardiac 59 (42%) 65 (38%) 
Hypertension 33 (23%) 31 (18%) 
Pulmonary 45 (32%) 31 (18%) 
Renal 20 (14%) 6 (4%) 
CNS 2 (1%) 0 (0%) 
Smoker 104 (73%) 91 (54%) 


TABLE 2. Distribution of Preoperative Occlusive Disease Patterns 
Among AIOD Patients Receiving Dacron or PTFE Bifurcated Grafts 





Graft Type 
Disease Pattern Dacron PTFE 
Type I* 1 (1%) 0 (0%) 
Type IIt 70 (67%) 73 (82%) 
Type II$ 34 (32%) 16 (18%) 
Total 105 (100%) 89 (100%) 


* Distal abdominal aorta and common iliac arteries. 
+ Aortic bifurcation and external iliac or common femoral arteries. 
+ Femoropopliteal segment, origin of profunda femoris, or tibial out- 
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A YEARS AFTER START OF STUDY 


This retrospective review and analysis of the operative 
experience and outcome of our total patient population 
over a 9-year period contributes to the understanding of 
the status of PTFE bifurcated grafts in aortobifemoral by- 
pass. 


Patients and Methods 


The 312 patients included in the study ranged in age 
from 43 to 85 years. The mean age of patients in both 
the Dacron and PTFE groups was 63 years. There were 
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Fics. 1A-C. Mean oper- 
ating times and blood 
transfusions by yearly in- 
terval after start of the 
study. (A) Operating 
times, all patients. (B) 
Blood transfusions re- 
quired, AAA patients. (C) 
Blood transfusions re- 
quired, AIOD patients. 
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five women in each group. Dacron grafts (USCI® De- 
bakey® Bifurcated Knitted Dacron Graft, C. R. Bard, Inc., 
Billerica, MA) were implanted in 142 patients: 105 in 
patients with aortoiliac obliterative disease (AIOD) and 
37 in patients with abdominal aortic aneurysm (AAA). 
PTFE grafts (Gore-Tex® Bifurcated Vascular Graft, 
W. L. Gore & Associates, Inc., Flagstaff, AZ) were im- 
planted in 170 patients: 89 in patients with AIOD and 81 
in patients with AAA. All operative procedures were per- 
formed at the Carl Hayden Veterans Administration 


n=<6 DACRON 


X= 2.2 UNITS 
FIG. 1. (Continued) 


PTFE 
X= 0.2 UNITS 


Vol. 208 • No. 5 


40 


3.5 


3.0 


25 


2.0 n=15 


UNITS 


Fic. 1. (Continued) 


0.5 


AORTOBIFEMORAL BYPASS 





627 


DACRON 
X=1.1 UNITS 
od n=8 PTFE 
he en Faas @  X-=0.1 UNITS 





C 


Medical Center in Phoenix, Arizona, either by, or under 
the direct supervision of, the senior author. 

Parenteral administration of a first-generation cepha- 
losporin antibiotic was instituted on-call to the operating 
room and continued throughout the second postoperative 
day. The operative fields were shaved in the induction 
room, followed by a povidone-iodine soap scrub and an 
application of povidone-iodine solution before draping. 
The aorta was exposed by a midline abdominal incision. 
The Dacron graft was prepared for implant with the stan- 
dard two-step preclot technique. The PTFE graft does not 
require preclotting. Heparin, at the rate of 100 U/kg, was 
administered before vascular reconstruction without sub- 
sequent neutralization, unless required. 

Grafts were anastomosed end-to-end to the aorta, 2 cm 
below the renal arteries. Distal anastomoses were placed 
end-to-side on the common femoral artery. The first Da- 
cron implant was performed in October 1976; the first 
PTFE implant was performed in January 1980. Patients 
were followed until July 1985. Maximum follow-up was 
therefore 106 months for patients who received Dacron 
grafts and 66 months for patients who received PTFE 
grafts. 

Because no thromboses occurred in either group beyond 
the first 48 postoperative months, we elected to analyze 
cumulative patency of graft limbs by the life table method 
during this time. The logrank test” was used to determine 
if differences between the cumulative patency curves were 
significant. Chi-square tests of independence? were used 
to determine whether risk factors and peripheral disease 
patterns were distributed independently among the two 


YEARS AFTER START OF STUDY 


patient groups. When appropriate, operative outcomes 
were analyzed in the same manner. 


Results 


Risk factors at the time of patient entry (Table |) were 
distributed independently of graft type (x? = 15.82; p 
> 0.01). The patterns of preoperative occlusive disease in 
AIOD patients (Table 2) were also distributed indepen- 
dently of graft type (x? = 7.01; p > 0.01). The majority 
of AAA patients, 76% and 83% of the Dacron and PTFE 
groups, respectively, showed no evidence of peripheral 
obstructive disease. 

Mean operating times plotted by yearly interval (Fig. 
1A) showed no apparent difference in the time required 
for operation upon changeover to PTFE grafts. Mean 
blood transfusion requirement plotted by yearly interval 
showed an immediate drop by an order of magnitude 
upon conversion to PTFE grafts in both AAA (Fig. 1B) 
and AIOD patients (Fig. 1C). The number of units of 
blood transfused depended on the type graft implanted 
(x? = 68.48; p < 0.01). 

The cumulative patency of all Dacron graft limbs (90%) 
and all PTFE graft limbs (97%) was not significantly dif- 
ferent (x? = 0.79; p > 0.01) at 48 months (Fig. 2A). Con- 
sidering only AIOD patients, the cumulative patency of 
Dacron graft limbs (89%) and PTFE graft limbs (95%) 
were also not significantly different (x* = 0.79; p > 0.01) 
at 48 months (Fig. 2B). Of all AAA patients, only one 
graft limb thrombosed—a Dacron graft at 12 months. 

Postoperative rates of all graft-related complications 
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Fics. 2A and B. Plot of cu- 
mulative patency duration 
for Dacron and PTFE bifur- 
cated grafts. Error bars indi- 
cate two times the standard 
error; numbers represent 
graft limbs at risk during in- 
terval. (A) All patients. (B) 
AIOD patients. 
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were greater for patients who received Dacron grafts (Fig. 
3). Rates of late mortality and subsequent distal bypass 
among smokers was twice that of nonsmokers, and the 
incidence of nonvascular complications among smokers 
was three times that of nonsmokers, regardless of graft 
type. 

Although there were no operative deaths, two patients 
of each group (1%) died within 30 days after surgery. Rates 
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of late mortality were 8% and 5% for the Dacron and 
PTFE groups, respectively. 


Discussion 


Cumulative patency duration has become the criterion 
of acceptance for synthetic grafts since their inception. In 
the aortofemoral segment, 4-year cumulative patency du- 
ration of long-term studies approaches or exceeds 90%.*"> 
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incidence of graft-related 
complications in patients of 
the Dacron and PTFE graft 
groups. 


In our series, patency of Dacron and PTFE grafts at 4 
years was 90% and 97%, respectively, and are well within 
the reported norm for this operation. Survey and analysis 
of the outcomes of aortobifemoral bypass at our institu- 
tion, however, revealed a number of differences referable 
to the graft type used. 

Patients entered into the study were evaluated by a sin- 
gle surgical team and consisted predominantly of men 
drawn from a defined geographic area and a generally 
homogeneous socioeconomic group. Because the study 
was not contemporaneous and prospective in nature, risk 
factors and preoperative angiograms of the patients as- 
signed to the two graft groups were analyzed to detect any 
bias upon entry. Both were found to be distributed in- 
dependent of the graft type used. 

The greatest divergence of the Dacron and PTFE pa- 
tient groups occurred with respect to blood use. The 142 
patients who received a Dacron graft required 192 units 
of blood in the aggregate, whereas the 170 patients who 
received a PTFE graft needed only 27 units. In the Dacron 
group, 24 patients required four or more units of blood, 
with two patients requiring as many as eight units. By 
contrast, only two patients with PTFE grafts needed 
transfusion of as many as four units. Overall, 44% of pa- 
tients in the Dacron group required blood transfusion, 
compared with 7% of the patients in the PTFE group. 
Purchase, administration, and monitoring of the addi- 
tional units required by patients who received Dacron 
grafts added to the cost of their care and increased the 
risk of complications. 

Most of the patients in this series had an uneventful 
postoperative course. Graft thrombosis affected 16 pa- 
tients (5%) over the course of the study (eleven patients 
of the Dacron group and five of the PTFE group). Six of 
the eleven thrombosed Dacron grafts, however, exhibited 
double-limb thromboses. None of the five affected PTFE 
grafts were thrombosed in both limbs. Sample sizes were 
too small to demonstrate meaningful statistical differences, 
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yet these results are consistent with experimental work 
showing greater platelet uptake’ and thrombogenicity’! 
of Dacron as compared with PTFE. In addition, platelet 
function tests have shown that preclotted Dacron is more 
platelet-activating than is Dacron alone. !? 

The greater thrombogenic potential of Dacron should 
manifest itself in failure of graft limbs, especially those of 
small diameter. Burke et al. reported that, in patients with 
aortic hypoplasia, the failure rate of Dacron bifurcated 
grafts 14 X 7 and 13 X 6.5 mm in diameter was greater 
than it was for comparable PTFE prostheses. '* 

Like thromboses, incidence of all other complications 
occurred with greater frequency in patients of the Dacron 
group. The rate of infection for all patients was 1.9%, 
which falls within the range reported for aortobifemoral 
reconstructions (0.3-2.3%).>'* All six graft infections, 
however, occurred in patients who had received Dacron 
grafts. Four of these six infections occurred in patients 
who underwent operations during the short conversion 
period when implants of both Dacron and PTFE grafts 
were being scheduled. It is unlikely that changes in hospital 
bacterial populations, surgical preparation, or postoper- 
ative care explain the differences observed in infection 
incidence. 

Recent experimental work has shown bacteria to have 
up to 300 times greater adherence to Dacron vascular 
prostheses than to PTFE prostheses.'° This difference in 
bacterial affinity is the result of the hydrophilic porosity 
of the Dacron graft as well as such specific bacterial prop- 
erties as mucin production.'*'® The nontextile fabrication 
of the PTFE prosthesis and the hydrophobic properties 
of the material do not appear to promote this phenom- 
enon.” 

Of the six patients in this series who had a graft infec- 
tion, three died of septic complications, and two of the 
survivors had above-knee amputations. Only one patient 
suffered no further complications after removal of his in- 
fected Dacron graft. 
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Graft revisions in the early postoperative period were 
required in 2% of patients of each group, indicating that 
technical problems with either graft were approximately 
equal. Late (more than 30 days after operation) graft re- 
visions were performed more often for Dacron grafts (6%) 
than for PTFE grafts (2%). Anastomotic aneurysms were 
also more common for Dacron (4%) than for PTFE grafts 
(1%). In vitro experiments have indicated that the mean 
graft-to-artery anastomotic tensile strength for PTFE grafts 
is significantly higher than for single-velour knitted Da- 
cron grafts. Moreover, the strength of the PTFE graft- 
artery anastomosis increased with length of implant, 
whereas the strength of the Dacron graft-artery anasto- 
mosis declined. '® 

There was a higher incidence of amputations in the 
Dacron group. The difference in amputation frequency 
reflects the greater number of Dacron graft infections and 
graft-limb thromboses. Six of the nine amputations in the 
Dacron group were preceded by graft thromboses. In two 
cases, these were complicated by a graft infection, whereas 
in one case, a graft infection alone was related to ampu- 
tation. Two of the three amputations in the PTFE group 
were secondary to graft thromboses. 

There were 21 late deaths in this series for an overall 
rate of 7%. If deaths due to sepsis are disregarded, 90% of 
the late mortality was due either to myocardial infarction, 
congestive heart failure, or stroke. 

One subset of patients appeared to carry the greatest 
risk of death, nonvascular complication, or subsequent 
infrainguinal bypass: tobacco users. It was difficult to 
identify any other risk factor that led to this morbidity 
and mortality because an overwhelming majority of any 
subgroup chosen—those with cardiac risk or hypertension 
or pulmonary risk, for example—were smokers. The re- 
lationship between smoking and death or complication 
was remarkably similar between the two graft groups. 

Our experience with Dacron and PTFE bifurcated grafts 
indicates that patency must not be the sole end point in 
evaluating the suitability of a vascular prosthesis. Cer- 
tainly, our clinical experience with both types of grafts 
has changed our expectation of essential equivalence 
among all synthetic grafts implanted in the aortofemoral 


- segment. We have consistently found lowered requirement 


for blood and reduced complication rates in our patients 
since the changeover to the use of PTFE grafts. Adoption 
of the PTFE bifurcated graft did not necessitate a change 
in practice or increased operating time. Overall, we found 
4% of patients who received PTFE grafts had one or more 
complications, compared with 13% of those who received 
Dacron grafts. 

Experience in peripheral arterial reconstruction with 
synthetic prostheses has demonstrated the superiority of 
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PTFE over Dacron in material and material configuration. 
The outcomes of patients in this clinical survey indicate 
that the use of PTFE should be extended to the aortobi- 
femoral position. In order to gain further insight into the 
performance of these two materials, we have initiated a 
randomized, prospective study of the two grafts used in 
the treatment of aortofemoral arterial disease. 
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When a vein is grafted into the arterial circulation, the endo- 
thelium of the graft is damaged. Regeneration of an intact neoen- 
dothelium occurs, but the functional properties of this surface 
have not been clarified. In this study, the functional integrity of 
the neoendothelium of veins grafted into the carotid artery of 
the rabbit was assessed through the use of acetylcholine and 
histamine to stimulate the production of the important endothe- 
lium-derived relaxing factor (EDRF). Control veins, precon- 
tracted with norepinephrine [1075 M], relaxed after exposure to 
acetylcholine ({10~’ M], 42.4% + 6.4%, p = 0.008) and histamine 
((10 M], 30.6% + 4.3%, p = 0.03). This relaxation response 
was abolished after mechanical removal of the endothelium. By 
contrast, neither acetylcholine nor histamine caused an endo- 
thelium-dependent relaxation in the vein grafts, even though 
scanning electron microscopy demonstrated the presence of a 
morphologically intact endothelium. However, addition of sta- 
bilized EDRF purified from cultured endothelial cells induced 
relaxation of the vein grafts (35.8% + 3.6%, p = 0.002). These 
data indicate that vein graft endothelium is unable to produce 
EDRF in response to exposure to acetylcholine or histamine. 
The inability to produce this potent smooth muscle cell relaxing 
factor and anti-aggregatory substance may be a predisposition 


to vein graft failure. 
| portant role in vasomotor regulation.’ It produces 
prostacyclin and the endothelium-derived relax- 
ing factor (EDRF) which are both potent unstable vaso- 
dilators. A number of vasoconstrictors including norepi- 
nephrine, histamine and serotonin stimulate EDRF and 
prostacyclin production. Therefore, a balance exists be- 
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tween the direct effect of these vasoconstrictor agents on 
the vascular smooth muscle cells and the opposing effects 
induced by the concomitant release of EDRF and pros- 
tacyclin from the endothelium. In addition to their va- 
sodilatory action, EDRF and prostacyclin also inhibit 
platelet aggregation and induce platelet disaggregation.*” 
The endothelium of the normal vessel, therefore, con- 
tributes to the regulation of vascular tone and provides a 
nonthrombogenic surface. 

The reversed autogenous vein bypass graft is used ex- 
tensively for the treatment of occlusive vascular disease. 
During the grafting procedure, the delicate endothelial 
cell layer is inevitably damaged to some extent. Current 
efforts in vascular surgery are directed toward minimizing 
this disruption and damage.* Regeneration of the graft 
endothelial lining does occur,” but the functional integrity 
of these neoendothelial cells is unknown. 

In this study, we assessed the vasoregulatory function 
of autogenous vein graft endothelium. The results indicate 
that the neoendothelium of the reversed autogenous vein 
graft is functionally abnormal because it does not produce 
EDRF in response to stimulation by acetylcholine or his- 
tamine. 


Materials and Methods 
Animal Operations 


Thirteen male, New Zealand White rabbits (2.5-3.5 
kg) underwent reversed autogenous vein bypass grafting 
of the right common carotid artery, using the right external 
jugular vein.° Anesthesia was induced with ketamine hy- 
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drochloride (60 mg/kg, Ketaset,'™ Bristol Laboratories, 
Syracuse, NY), xylazine (6 mg/kg, Rompun, Mobay 
Corp., Shawnee, KS), and acepromazine maleate (1.5 mg/ 
kg, PromAce,™ Aveco Co., Inc., Fort Dodge, IA). An- 
tibiotic prophylaxis was provided by giving one intra- 
muscular dose of benzathine and procaine penicillin 
(30,000 U/kg, Flo-Cillin, Bristol Laboratories) at induc- 
tion of anesthesia. Surgery was performed using an op- 
erating microscope (JKH 1402, Edward Weck Inc., Re- 
search Triangle Park, NC). After exposure through a lon- 
gitudinal neck incision, the branches of the right external 
jugular vein were ligated, and the vein was excised and 
kept moist in heparinized saline (5 units/ml, Elkins-Sinn 
Inc., Cherry Hill, NJ) for approximately 15 minutes, while 
proximal and distal control of the right common carotid 
artery was obtained. Heparin (200 U/kg) was then ad- 
ministered intravenously. A proximal longitudinal arte- 
riotomy was made, and one end of the reversed external 
jugular vein was anastomosed to the artery in an end-to- 
side manner, using a continuous 10-0 microvascular 
mono-filament nylon suture (Ethilon, Ethicon, Inc., So- 
merville, NJ). The distal anastomosis was performed in 
a similar manner. Throughout the procedure, care was 
taken to avoid unnecessary instrumentation of the vein 
segment. The right common carotid artery was ligated 
and divided between the two anastomoses. The artery was 
then unclamped, hemostasis was obtained, and the wound 
was closed. The left external jugular vein was used as a 
control. 

Four weeks after grafting, each rabbit was anesthetized, 
and the graft and previously unmanipulated left external 
jugular vein were excised. Animal care complied with the 
“Principles of Laboratory Animal Care” and the “Guide 
for the Care and Use of Laboratory Animals” (NIH Pub- 
lication No. 80-23, revised 1978). 


In Vitro Isometric Tension Studies 


Vessel rings 4-5 mm long were cut from the vein graft 
and the control vein (4 rings of tissue from each animal). 
The vessel rings were suspended by stainless steel hooks 
in an organ bath containing oxygenated Krebs solution 
of the following composition: 122 mM of NaCl, 4.7 mM 
of KCl, 1.2 mM of MgCl,, 2.5 mM of CaCl, 15.4 mM 
of NaHCO;, 1.2 mM of KH,PQO,, 5.5 mM of glucose, 
bubbled with 95% O, and 5% CO,. One hook was fixed 
to the bottom of the bath and the other was connected to 
a force transducer (Myograph F-60, Narco Bio-Systems, 
Houston, TX). Tension was recorded on a polygraph ma- 
chine (Physiograph MK-III-S, Narco Bio-Systems). The 
vessel rings were allowed to equilibrate at a constant ten- 
sion of 0.5 gm for 1 hour. Following precontraction of 
the vessel rings with norepinephrine (107% M, dissolved 
in 10°? M HCI, Sigma Chemical Co., St. Louis, MO), 
acetylcholine (10~’ M, dissolved in distilled water, Sigma) 
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was added to the organ bath solution. After a washout 
and an additional equilibration period of 30 minutes, his- 
tamine (107% M, dissolved in distilled water, Sigma) was 
added to rings of vein graft and control vein, again pre- 
contracted with norepinephrine. To assess the importance 
of the endothelium to the response of the control vein to 
acetylcholine and histamine, the endothelium was me- 
chanically removed, using a cotton-tipped applicator, and 
vasoreactivity to these agonists was reassessed. Relaxation 
of the precontracted vein graft and control vein to pros- 
tacyclin [10~° M], dissolved in 10 mM Tris buffer pH 10, 
(Sigma), sodium nitroprusside [1077 M], dissolved in dis- 
tilled water, (Fisher Scientific Company, Fair Lawn, NJ) 
and atrial natriuretic polypeptide [1077 M], dissolved in 
normal saline, (Peninsula Laboratories Inc., Belmont, CA) 
was assessed. EDRF was stabilized by acidification, and 
was purified from bovine aortic endothelial cells (Human 
Genetic Mutant Cell Repository, GM 3905a) as previously 
reported.’ Each aliquot of EDRF (from approximately 5 
X 10’ cells) was adjusted to pH 7 and was then added to 
the norepinephrine precontracted vein graft to test the 
ability of the vein graft to respond to this agonist. 


Histology 


The morphology of the endothelial surface of the con- 
trol and grafted vessels was examined by scanning electron 
microscopy. Representative cross-sectional control vein 
and vein graft blocks were fixed in formaldehyde dehy- 
drated in alcohol, postfixed in osmium tetroxide and dried 
in a critical point dryer (Ladd Research Industries, Bur- 
lington, VT). The tissue blocks were then glued to alu- 
minum stubbs and rotary platinum coated in a Denton 
vacuum system (DV502,'™ Cherry Hill, NJ). The stubbs 
were examined and photographed in a JEOL'™ JSM-35C 
scanning electron microscope (Tokyo, Japan). 


Statistics 


Data processing and analysis were accomplished using 
a computer software program (Statgraphics,'™ Statistical 
Graphics Corporation, Rockville, MD). Relaxation in re- 
sponse to an agonist is expressed as the percentage of de- 
crease in contractile tension developed to norepinephrine 
[107° M]. All data are expressed as the mean + standard 
error of the mean. A two-tailed, paired t-test was used to 
determine statistical significance. 


Results 


In Vitro Isometric Tension Studies 


All 13 vein grafts were patent at the time of excision. 
Norepinephrine precontracted control veins demonstrated 
relaxation in response to the addition of acetylcholine of 
42.4% + 6.4% (p = 0.008). Histamine, which also causes 
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FiG. 1. Representative polygraph tracings obtained from control vein, 
de-endothelialized control vein and vein graft showing the response of 
the norepinephrine (NE 107° M) precontracted rings to the addition 
(arrow) of acetylcholine [10~’ M] and the addition (arrow) of histamine 
[10° M]. The normal relaxation response to acetylcholine in control 
veins was absent in de-endothelialized control veins and vein grafts. Ten- 
sion developed to norepinephrine was 0.2 + 0.05 g for the control veins 
and de-endothelialized control veins. The average tension developed by 
the vein grafts to norepinephrine was 0.1 + 0.02 g. 


an endothelium-dependent relaxation, induced a response 
of 30.6% + 4.3%, (p = 0.03) in the precontracted control 
veins (Fig. 1). These normal responses to acetylcholine 
and histamine were completely abolished after mechanical 
de-endothelialization of the control vein. In marked con- 
trast to the control vein, addition of acetylcholine to the 
norepinephrine precontracted vein graft did not induce 
relaxation (Fig. 1). To determine if this absence of en- 
dothelium-dependent relaxation was limited to the mus- 
carinic receptor alone, the effect of histamine on the nor- 
epinephrine precontracted vein graft was also examined. 
As with acetylcholine, histamine did not relax the vein 
graft (Fig. 1). 

Addition of prostacyclin to the norepinephrine pre- 
contracted vein graft produced a significant degree of re- 
laxation (73.4% + 7.9%, p = 0.001), indicating that the 
adenylate cyclase pathway responsible for smooth muscle 
cell relaxation is intact in vein grafts. The soluble guanylate 
cyclase system in the vein graft smooth muscle cell that 
is used by EDRF was found to be functional, because 
sodium nitroprusside produced a 40.2% + 7.5% (p = 0.01) 
relaxation (Fig. 2). Atrial natriuretic polypeptide, a stim- 
ulator of particulate guanylate cyclase activity, induced a 
51.1% + 14.0% (p = 0.04) relaxation (Fig. 2). 

Addition of EDRF purified from bovine aortic endo- 
thelial cells induced a 35.8% + 3.6% (p = 0.002) relaxation 
in the norepinephrine precontracted vein graft (Fig. 3). 


ENDOTHELIAL CELL FUNCTION IN VEIN GRAFTS 


633 


SODIUM NITROPRUSSIDE ATRIAL NATRIURETIC 


POLYPEPTIDE 


Lo 
oe 


CONTROL 
VEIN 


NE 
30 sec 
vein oot 
GRAFT 
NE 
FIG. 2. Representative polygraph tracings obtained from norepinephrine 
(NE 10-5 M) precontracted rings of control vein and vein graft showing 
the active relaxation response to the addition (arrow) of sodium nitro- 


prusside [1077 M] and the addition (arrow) of atrial natriuretic polypeptide 
[1077 M]. 


Addition of sodium nitroprusside, atrial natriuretic poly- 
peptide and EDRF to the control veins produced the fol- 
lowing degrees of relaxation: 52.3% + 8.6% (p = 0.04), 
49.3% + 10.0% (p = 0.04), and 61.2% + 12.9%, (p = 0.01), 
respectively. 


Histology 


Scanning electron microscopy showed that the control 
vein endothelium was completely removed after mechan- 
ical de-endothelialization (Compare Fig. 4A with Fig. 4B). 
Similar studies of the vein graft harvested after 1 month 
showed the presence of a confluent neoendothelium (Fig. 
4C). This neoendothelium appeared to be covered by a 
layer of proteinaceous material. Unlike that of the control 
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FIG. 3. Representative polygraph tracings obtained from control vein 
and vein graft showing the response of the norepinephrine (NE, 107% M) 
precontracted rings to the addition (arrow) of the EDRF purified from 
cultured endothelial cells. 
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Fics. 4A-C. Scanning 
electron micrographs. (A) 
Intact endothelium on 
the lumenal surface of the 
control vein. (B) The ab- 
sence of endothelium af- 
ter mechanical de-en- 
dothelialization of the 
control vein. (C) The lu- 
menal surface of the 4- 
week-old vein graft with 
neoendothelium and nu- 
merous adherent cells 
(magnification X200). 
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vein, the longitudinal axis of the neoendothelial cells var- blood cells associated with the vein graft neoendothelium 
ied, perhaps reflecting the turbulent nature of the blood as compared with that of the control vein. 
flow through the graft. In addition, there were many more Higher resolution (1300X) showed the ruffled appear- 


FIG. 4. (Continued) 
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Fic. 4. (Continued) 


ance of the control vein endothelium (Fig. 5A). At the 
same level of magnification, the smooth muscle cells and 
surrounding collagen fibrils of the de-endothelialized 
control vein were clearly evident (Fig. 5B), and the 
neoendothelial covering of this vein graft 4 weeks after 
surgery is shown in Figure 5C. Higher resolution (5400X, 
Fig. 6) indicated that the cells adherent to the neoen- 
dothelium were platelets and white blood cells. 


Discussion 


Veins grafted into the carotid arterial circulation of 
rabbits and harvested 4 weeks after surgery do not respond 
with relaxation to either acetylcholine or histamine, ag- 
onists which normally induce endothelium-dependent 
relaxation in venous tissue. Furthermore, the results from 
this study support the finding that normal venous endo- 
thelium can produce a factor(s), EDRF, that causes venous 
dilation. The production of EDRF in veins is stimulated 
by a number of vasoactive agonists known to produce 
EDRF from the arterial endothelium.’ In perfusion stud- 
ies, Ignarro et al.” have shown that EDRF derived from 
venous endothelium induces relaxation in de-endothe- 
lialized arteries and, similarly, that EDRF from arterial 
endothelium induces relaxation in de-endothelialized 
veins. This suggests that the EDRF produced by vein and 
arteries has similar pharmacologic properties. Recently, 
Miller et al.,!° as well, have shown that vein grafts in the 
canine model do not respond with endothelium-depen- 
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dent relaxation to acetylcholine or a-2 adrenergic agonists 
when tested in vitro. 

Although in this study and a previous study,’ an intact 
endothelial surface in the vein graft was demonstrated, 
no EDRF activity in response to acetylcholine could be 
shown. One reason for the absence of vein graft relaxation 
to acetylcholine and histamine might be that the vein graft 
is incapable of active relaxation. This, however, is not the 
case, because we have demonstrated relaxation of the vein 
graft to the endothelium-independent agonists, prosta- 
cyclin, sodium nitroprusside, and atrial natriuretic poly- 
peptide. A second possibility is that there is a decreased 
ability of the vein graft to respond to EDRF. Yet this also 
seems unlikely, because purified EDRF induced a signif- 
icant degree of relaxation. A third possibility suggested 
by Miller’® is that the intimal thickening may prevent the 
smooth muscle cells from responding to the EDRF pro- 
duced by the endothelium. However, we were able to 
demonstrate in our model relaxation to purified EDRF, 
which develops a significant degree of intimal thickening. '! 
A fourth possibility is that there is decreased production 
of EDRF by the vein graft neoendothelium. Shear stress 
has been shown to modulate endothelium-dependent 
relaxation'* such that increased flow causes vessel dila- 
tation and decreased flow causes vessel constriction, sug- 
gesting that EDRF may be the mediator that alters vessel 
tone in response to flow. Slow flow rates in the vein graft 
might reduce the amount of EDRF normally produced 
by the vein graft neoendothelial cell.'* Finally, there may 





be an increased rate of EDRF destruction in the vein graft 
by the production of oxygen-derived free radicals known 
to inactivate this factor.'* The scanning electron micro- 
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Fics. 5A-C. Scanning 
electron micrographs. (A) 
The ruffled appearance of 
the control vein endothe- 
lium. (B) The smooth 
muscle cells (SMC) and 
collagen fibrils (CF) of the 
de-endothelialized con- 
trol vein. (C) The lumenal 
surface of the 4-week-old 
vein graft with neoen- 
dothelial cells (magnifi- 
cation X 1300). 


graphs show the presence of numerous white blood cells 
adherent to the neoendothelium that, presumably, are ac- 
tivated and therefore generating oxygen radicals. 


FIG. 5. (Continued) 
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The results of this study therefore suggest that the va- et al.,!5 who have shown that vein grafts exhibit a signif- 
somotor regulatory function of the vein graft neoendo- icantly decreased lumenal prostacyclin production and a 
thelial cell is abnormal. This concept is supported by Bush significantly increased thromboxane A, release. 


FIG. 6. Scanning elec- 
tron micrographs of 
the 4-week-old vein 
graft. Showing the 
presence of white 
blood cells (WBC) 
and platelets (P) 
adherent to the neo- 
endothelium (magni- 
fication X5400). 
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The reversed autogenous vein bypass graft is an im- 
portant method of treatment for occlusive vascular dis- 
ease. However, the incidence of graft failure is significant. 
Within the first year, 16-26% of aortocoronary grafts be- 
come occluded, and after 10 years, this figure was in the 
range of 50-60%.'° Platelet-mediated thrombosis is an 
important cause of occlusion, whether early or late in the 
natural history of the graft. Since EDRF inhibits platelet 
aggregation and induces platelet disaggregation, the oc- 
currence of platelet-mediated thrombosis in vein grafts 
Suggests that there may be a decreased production of 
EDRF in these vessels. Adhesion of platelets and white 
blood cells to the lumenal surface of the vein graft was 
evident in this study and supports this hypothesis. An 
additional etiology of late graft failure is atherosclerotic 
development, which, again, may be related, in part, to a 
decrease in EDRF production. Models of atherosclerosis 
can be induced experimentally after endothelial cell injury, 
and it has been suggested that decreased EDRF production 
from the damaged endothelial surface might predispose 
the vessel to atherosclerosis.'’ Thus altered EDRF pro- 
duction by the vein graft might explain the susceptibility 
of vein grafts to both platelet-mediated thrombosis and 
atherosclerosis. 

Diminished EDRF production would also alter vessel 
tone, and, as we have shown, the vein graft response to 
various vasoactive agents is significantly altered. Endo- 
thelial damage has been shown to induce a susceptibility 
to local spasm in experimental animals'® and insufficient 
EDRF production has been proposed as a mechanism for 
Prinzmetal’s angina.’ Reduced EDRF production in the 
vein graft may therefore predispose the vein graft to spasm. 
Whether or not vasospasm plays a significant role in vein 
graft failure is unknown. However, several clinical reports 
on spasm have been documented angiographically.!9-?5 

This study, therefore, shows that the neoendothelium 
of the vein graft—although morphologically similar to 
normal venous endothelium—is functionally abnormal 
because it does not produce EDRF in response to acetyl- 
choline or histamine. Decreased EDRF production may 
predispose the vein graft to platelet-mediated thrombosis, 
atherosclerosis, and ultimately, graft failure. 
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One hundred twenty-eight patients with chronic renal failure 
and secondary hyperparathyroidism underwent total parathy- 
roidectomy with forearm autograft. Postoperative clinical im- 
provement was remarkable. In all cases, the grafted tissue func- 
tioned well, and reimplantation of the cryopreserved parathyroid 
tissues was unnecessary. Intact 1-84 parathyroid hormone was 
more sensitive than C-terminal parathyroid hormone in para- 
thyroid hormone level (PTH) gradient assays of grafted and 
nongrafted forearm. The study of hypocalcemia was also helpful 
in obtaining more distinct PTH gradients. Five of 119 patients 
had supernumerary parathyroid glands (4.2%), which preoper- 
ative noninvasive image diagnosis of parathyroid glands was 
helpful in detecting. 


hemodialysis due to chronic renal failure is steadily 

increasing. Despite improved management of such 
patients through the introduction of an active form of 
vitamin D, many patients with renal osteodystrophy due 
to secondary hyperparathyroidism that resists conservative 
treatment are referred to us for surgical parathyroidec- 
tomy.'~* 

In patients with secondary hyperparathyroidism, the 
common surgical procedure has usually been a subtotal 
parathyroidectomy, with the aim of preserving sufficient 
viable tissue in situ for maintaining normal calcium.” 

In 1969, Alveryd put the experimental work of Halsted 
into practice, performing total parathyroidectomy and 
autotransplantation on patients with severe secondary 
hyperparathyroidism.° Although some authors prefer the 
sternocleidomastoid muscle as a site for the autograft,”* 
the work of Wells et al. showed the forearm muscle to be 
more advantageous.’ The rationale for this procedure is 
that a second surgical exploration of the neck, with all its 
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attendant risks, can thus be avoided, and that, with the 
patient under local anesthesia, excessive parathyroid tissue 
can easily be removed from the forearm if secondary hy- 
perparathyroidism recurs. ° 

In July 1973, we began performing subtotal parathy- 
roidectomy for secondary hyperparathyroidism in 19 pa- 
tients with chronic renal failure.” However, because a re- 
current hyperparathyroidism was encountered that was 
treated with re-exploration of the neck in March 1981, 
total parathyroidectomy with forearm autograft has been 
our surgical procedure of choice, and has been performed 
in 127 patients to date. 

This report presents our accumulated experiences with 
the latter treatment, and discusses the usefulness of non- 
invasive image diagnosis of parathyroid glands, long-term 
function of grafted glands, as well as the problems and 
management of supernumerary glands. 


Clinical Materials 


For preoperative diagnosis of secondary hyperparathy- 
roidism, the serum calcium, phosphorus, alkaline phos- 
phatase, and parathyroid hormone [intact 1-84 PTH and/ 
or C-terminal PTH]'! were obtained along with bone x- 
rays. Computed tomography (CT), scintigraphy with 
20ITIC] and ™TcO, and ultrasonography”? were un- 
dertaken. 

Between March 1981 and August 1987, 112 patients 
diagnosed as having chronic renal failure and secondary 
hyperparathyroidism underwent total parathyroidectomy 
and forearm autograft (Group 1). Between July 1973 and 
February 1981, three of 19 patients who underwent sub- 
total parathyroidectomy due to secondary hyper- 
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TABLE |. Age and Sex Distribution at the Time of Total 
Parathyroidectomy in Relation to Hemodialysis Treatment 


Group | Group 2 Group 3 
(n = 112) (n = 3) (n = 4) 

Men 70 2 2 

Women 42 l 2 

Mean age (years) 43.9 34.3 44.3 

s (Range 35-54) (Range 34-35) (Range 38-54) 

Mean duration of 115.3 118.7 120.5* 
hemodialysis (Range 32-179) (Range 87-165) (Range 87-155) 
treatment 
(months) 

Mean duration of 320 
post renal (Range 5-79) 
transplant 
(months) 

Mean serum 1.5 
creatinine (Range 0.8-2.8) 
(mg/dl) 

Mean creatinine 38 
clearance (ml/ (Range 18-54) 
min) 





* Before renal transplant. 


parathyroidism? associated with chronic renal failure de- 
veloped recurrent hyperparathyroidism and underwent 
re-exploration of the neck for parathyroidectomy and 
forearm autograft (Group 2). Four patients who had renal 
homograft with secondary hyperparathyroidism under- 
went the same parathyroid surgery (Group 3). All 119 
patients of the three groups were observed after surgery 
for longer than 4 months. 

The age and sex distribution for the three groups of 
patients at the time of total parathyroidectomy in relation 
to hemodialysis treatment are shown in Table 1. The pre- 
operative laboratory and clinical findings are presented 
in Table 2. 

As a preoperative treatment, all patients were dialyzed 
the day before operation. The next dialysis was performed 
on the second day after operation. 


TABLE 2. Preoperative Laboratory and Clinical Findings 


Group | Group 2 Group 3 
(n = 112) (n = 3) (n = 4) 
Elevated serum calcium 
(>11 mg/dl) 18 0 2 
Elevated level of 
parathyroid hormone 112 3 4 
Elevated alkaline 
phosphatase 99 2 3 
Bone changes 111 2 3 
Soft tissue calcification 72 3 2 
Pathologic fracture 29 0 0 
Pruritus 61 | 0 
Bone and joint pain 90 3 0 
Mental disturbance 66 3 0 
Muscular weakness 66 1 0 
Image diagnosis applied 112 3 4 
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TABLE 3. Number of Excised Parathyroid Glands 
During the First Operation 


Group | Group 3 

(n = 112) (n = 4) 
Five glands 4 0 
Four glands 105 4 
Three glands 2 0 
Two glands l 0 





TABLE 4. Total Weight of Excised Parathyroid Glands 


Group | Group 2 Group 3 
(n = 112) (n = 3) (n = 4) 
Average weight 
(mg) 3569 + 2224 3399 + 1289 956 + 185 


(4733 + 3489)* 





* At the time of subtotal parathyroidectomy. 


Technique of Total Parathyroidectomy with Autotrans- 
plantation to Forearm 


The thyroid and parathyroid glands were exposed 
through a conventional neck incision, with division of the 
strap muscles at the midline. A thorough search was made 
for the parathyroids, with the assistance of preoperative 
image diagnosis, and total parathyroidectomy was per- 
formed after identification of all glands. All excised glands 
were histologically verified. Approximately fifteen 1 X 1 
X 3 mm parathyroid slivers were implanted into the fore- 
arm muscle in an area of approximately 5 X 5 cm. 

Some of the parathyroid tissue removed from the neck 
were preserved as described by Wells’ for future reim- 
plantation in the event of a permanent and complete hy- 
poparathyroid state. 


Postoperative Management 


After surgery, serum calcium levels were monitored 
three times per day during the first 2-4 days, and then 
daily until stabilized. As soon as the serum calcium con- 
centration dropped close to 7 mg/100 ml, constant in- 
fusion of calcium gluconate was administered intrave- 
nously to maintain serum calcium at more than 8 mg/ 
100 ml. Intravenous (I.V.) calcium was gradually reduced 
with the addition of oral calcium carbonate combined 
with la, OH cholecalciferol 0.25-1.0 ug per day until the 
serum calcium was maintained between 8 and 10 mg/ 
100 ml. 


Results 


Table 3 shows the number of excised parathyroid glands 
at the time of the first operation in patients of Groups 1 
and 3. Table 4 presents the total weight of excised para- 
thyroid glands in patients of Groups 1, 2, and 3. 
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Fic. 1. The day after parathyroidectomy during which significant PTH 
gradient was obtained. PTx = parathyroidectomy. 


Postoperative Course 


Most patients experienced a rapid decrease in serum 
calcium and PTH during the first postoperative day. Hy- 
pocalcemia was generally evident between the first and 
the fifth day after surgery. Because of the occurrence of 
hypocalcemia during the immediate postoperative period, 
patients whose x-rays showed severe bone changes tended 
to require more supplemental calcium administration, al- 
though some patients could have been compensated by 
the hemodialysis, which is performed with a calcium con- 
tent of 3.6 mEq/l. 

In nine patients of Group 1, serum calcium did not 
drop to 7 mg/100 ml within 14 postoperative days. One 
of these nine patients had the residual (the fourth) gland 
in the neck. Another patient (Patient 67) had the fifth 
gland in the upper mediastinum. The third patient was 
suspected of having a supernumerary gland in an unde- 
termined location. Two patients had severe ectopic cal- 
cification preoperatively. The remaining four patients 
whose serum PTH dropped within normal limits are cur- 
rently undergoing further observation. 

In 81 of 85 patients who were tested, a parathyroid 
hormone gradient (exhibiting a more than 1.5-fold dif- 
ference) could be demonstrated in blood drawn from the 
anticubital vein of the grafted arm, when compared with 
the nongrafted arm on the seventh to 78th day after sur- 
gery (average of 24.1 + 15.9 days) (Fig. 1). The parathyroid 
hormone gradients can be demonstrated more clearly in 
intact (1-84) PTH than C-terminal PTH measurement 
(Fig. 2).'' Of patients who did not have a parathyroid 
hormone gradient and who were submitted to hypocal- 
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FIG. 2. The difference of PTH gradients between C-terminal and intact 
1-84 PTH measurement at the time when the graft function was detected. 


cemic study (i.e., 1-hour hemodialysis treatment with no 
calcium content dialysate) most show higher parathyroid 
hormone gradient (Fig. 3). 

No functionless parathyroid grafts were found in any 
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FIG. 3. The difference of PTH gradients with intact 1-84 PTH measure- 
ment between before and after the hypocalcemic study. 
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FIG. 4. C-terminal and intact 1-84 PTH with PTH gradient of all eight 
patients who developed graft dependent recurrence. ( ) = PTH gradient. 
Intact PTH = serum intact 1-84 parathyroid hormone level. C-PTH 
= serum C-terminal parathyroid hormone level. 


patients of Groups 1, 2, and 3, and it has never been 
necessary to use the cryopreserved tissue in any patients. 


Clinical Improvement After Surgery 


For patients of all three groups, clinical improvement 
after surgery was very remarkable. Bone pain was usually 
relieved within 24-48 hours, and pruritus usually disap- 
peared in the first 2 or 3 days after operation. Soft tissue 
calcium deposits either disappeared or were markedly di- 
minished within 6 months after parathyroidectomy. 





Recurrence and Reoperation 
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Seven of 112 patients of Group 1 and one (Patient 19) 
of three patients of Group 2 were diagnosed as having 
developed graft dependent recurrence from 7 to 70 months 
after surgery. The parathyroid hormone gradients in these 
patients are presented in Figure 4. *°'TICI scintigraphy of 
the forearm showed high uptake in the grafted area.' On 
one to three separate occasions, the transplanted para- 
thyroid glands were excised under local anesthesia. The 
total weights were 0.52-14.9 g. All seven patients recov- 
ered satisfactorily, with none of the related symptoms oc- 
curring after reoperations. 
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One patient (Patient 67) of Group I developed recurrent 
symptoms 2 years after surgery. Image diagnosis dem- 
onstrated the fifth gland to be enlarged in the upper me- 
diastinum (Figs. 5 and 6), which was excised with a trans- 
verse sternotomy in the third intercostal space. The gland 
weight was 8.2 g. The patient recovered quite satisfactorily 
(Fig. 7). 


Mortality and Morbidity 


There were no postoperative deaths in any of the 
groups. One hundred sixteen of the 119 patients are still 
alive (4 months to 5 years and 10 months after surgery). 
The deaths of the two patients at 38 and 24 months after 
surgery, respectively, were ascribed to sepsis, and another 
patient died of hemodialysis disequilibrium syndrome 8 
months after surgery. 

Unilateral palsy of the recurrent nerve developed tem- 
porarily in nine patients. No septic complication was no- 


ticed in the neck, the forearm, or the chest wound. 








201 TICI Scintigram 
PT 67 


FIG. 5. TICI scintigraphy of Patient 67. The arrow shows the enlarged 
supernumerary parathyroid gland in the upper mediastinum. 
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constitute a significant clinical problem by causing per- 
sistent or recurrent disease after parathyroidectomy in 





Fic. 6. CT with its illustration of Patient 67. P = parathyroid gland. Tr 
= trachea. E = esophagus. 


FiG. 7. Postoperative course of Patient 67. 1-84 PTH = serum intact 
(1-84) parathyroid hormone level. Al-P = serum alkaline phosphatase 
level. Ca = serum calcium level. P = serum phosphorus levels. 


patients with chronic renal failure.'* In our experience, 
four patients had a supernumerary gland that was diag- 
nosed before surgery with an image diagnosis method and 
which was removed during the initial operation. (Two 
patients had an intrathyroid gland, with one patient having 
this gland in a thymic tongue, and the other patient having 
it between the thyroid and the trachea). One patient (Pa- 
tient 67) had a supernumerary gland in the upper me- 
diastinum, which was removed at the time of reoperation. 
Thus, in our experience, the occurrence of supernumerary 
parathyroid glands was seen in five of 119 cases (4.2%), 
although one additional patient is suspected of having a 
supernumerary gland somewhere. 

We did not encounter any hypocalcemic syndrome 
during the immediate postoperative period, whenever the 
serum calcium level was maintained above 7 mg/100 ml; 
this is hardly difficult with our protocol for postoperative 
management, which has been very helpful in detecting 
any residual or supernumerary parathyroid gland. 

The function of the grafted tissue was extremely sat- 
isfactory in all of the patients. The parathyroid hormone 
gradients were clearly demonstrated, with most patients 
having an intact PTH measurement. The hypocalcemic 
study, 1-hour hemodialysis treatment with no calcium 
content dialysate, was also helpful in obtaining more dis- 
tinct PTH gradients. 

Histopathologic studies of the excised glands show 
polymorphic diffuse or nodular hyperplasia.* In three of 
eight patients whose transplanted parathyroid tissues were 
partially removed due to graft dependent recurrence, mi- 
totic figures in the hyperplasia were observed in the ex- 
planted materials.* After very careful investigation, how- 
ever, two of these three patients displayed similar findings 
in the original parathyroid gland excised from the neck. 
As long as the patients with chronic renal failure remained 
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under hemodialysis treatment, it was presumed that re- 
sidual and transplanted parathyroid tissues ought to re- 
ceive continuous stimulation to grow. Thus far, we do 
not have strong evidence showing that transplantation of 
parathyroid tissues in the muscle results in highly accel- 
erated growth of grafted tissue.'* 

Eight patients with moderate hyperparathyroidism in 
chronic renal failure underwent renal transplantation. 
Their symptoms, including the bone changes and serum 
parathyroid hormone levels, definitely improved, but im- 
proved more slowly than with parathyroidectomy. Peri- 
odically, the sizes of parathyroid glands of these patients 
were very carefully observed by image diagnosing meth- 
ods. However, these methods failed to demonstrate any 
significant changes. And when their renal homograft 
function became deteriorated due to chronic rejection, 
symptoms of the secondary hyperparathyroidism recurred 
more rapidly than expected. 
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Increased Urinary Excretion of Cortisol and 
Catecholami-NES in Malnourished Cancer Patients 





CHRISTER DROTT, M.D., PH.D., GÖSTA SVANINGER, M.D., PH.D. and KENT LUNDHOLM, M.D., PH.D. 


Excretion of cortisol and catecholamines were measured from 
24-hour urine samples collected over a period of 3 days from 
hospitalized cancer patients suffering from malnutrition and were 
compared with those of control patients equally malnourished 
and having a similar degree of inflammation. Compared with 
control patients, cancer patients had a higher excretion of cortisol, 
adrenaline, and noradrenaline, although noradrenaline excretion 
reached statistical significance only when normalized to creatinine 
excretion. Plasma glycerol concentrations after an overnight fast 
were significantly higher in cancer patients as compared with 
control patients, in keeping with an increased adrenal and ad- 
renergic activity. This study demonstrates evidence of simulta- 
neously elevated catecholamine and cortisol excretion in cancer 
patients, which could not be ascribed to alteration in body com- 
position. The results may, in part, explain the mechanisms behind 
ongoing tissue breakdown in progressive cancer disease. 


ANCER CACHEXIA Is explained by the combined 

effect of anorexia and elevated energy expendi- 

ture.!~> The subsequent alteration in body com- 
position is thus due to an increased mobilization of body 
fat and amino acids for oxidation and supporting the syn- 
thesis of acute phase reactants, as well as for the new syn- 
thesis of glucose.** Such metabolic alterations in a tumor- 
bearing host are well-recognized changes in the physiologic 
response to partial starvation and inflammation.*’ Al- 
though it is conceivable that such metabolic alterations 
are communicated by the classic hormones, at present it 
is unclear to what extent alterations in the metabolism of 
insulin, glucagon, thyroid hormones, adrenergic hor- 
mones, corticosteroids, and perhaps several other hor- 
mones may be involved.!"'° 





This study was supported by grants from the Swedish Cancer Society 
(Project No. 93), the Swedish Medical Research Council (Project No. 
536), the Swedish Medical Society, Gothenburg Medical Society, and 
the University of Gothenburg. 

Reprint requests and correspondence: Kent Lundholm, M.D., Ph.D., 
Department of Surgery I, Sahlgrenska Hospital, S-413 45 Gothenburg, 
Sweden. 

Submitted for publication: November 30, 1987. 


From the Department of Surgery, Institution |, University of 
Gothenburg, Sahigrenska Hospital, Gothenburg, Sweden 





Evidence of elevated plasma levels of corticosteroids 
and catecholamines in cancer patients have been re- 
ported.''-'3 Such measurements have, however, been 
compared with those of well-nourished and healthy in- 
dividuals. Plasma concentrations may be difficult to 
translate into an overall elevated daily production of hor- 
mones, particularly with regard to corticosteroids, due to 
their physiologic diurnal variation.'* In addition, it has 
been reported that adults suffering from protein-calorie 
malnutrition also display signs of increased pituitary- 
adrenal activity." 

Therefore, it is important to compare hormonal alter- 
ations in cancer patients who are losing weight with mea- 
surements of similarly malnourished patients who do not 
have cancer. 

The purpose of this study was therefore to determine 
the urinary excretion of cortisol and catecholamines in 
malnourished cancer patients as compared with that of 
equally malnourished patients who did not have cancer. 


Materials and Methods 
Patients 


Patients with a history of weight loss exceeding 5% of 
their total body weight during the 6-month period before 
surgery were included. Exclusion criteria included fever 
and other evidence of infection or endocrine disorders 
and medication (alpha and beta stimulators or blockers, 
corticosteroids, thyroid hormones, tricyclic antidepressive 
drugs, sympathetic ganglioblockers, monoamine oxidase 
blockers), that might influence hormone status or analvses. 
The patients were studied after admission to the ward 
before any operation or other treatment was begun. They 
were offered an ordinary hospital diet (20% protein, 35% 
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fat, 45% carbohydrate) ad libitum, and were allowed to 
ambulate freely in the ward. Dietary interventions were 


not performed. None of the patients were bedridden. Body - 


temperature and heart rate were measured in the morning 
while the patients were still in bed. Twenty-nine patients 
with cancer and 22 control patients received medications 
such as digitalis, diuretics (furosemide), nitroglycerine, and 
H,-receptor blockers (two cancer patients, three control 
patients) or received aspirin irregularly (2 cancer patients, 
3 control patients). 

Fifty cancer patients with the following diagnoses were 
investigated: colorectal carcinoma (n = 23), gastric car- 
cinoma (n = 8), esophageal carcinoma (n = 2) pancreatic 
carcinoma (n = 8}, hepatocellular carcinoma (n = 4), 
generalized prostatic carcinoma (n = 2); soft tissue sar- 
coma (n = 3). Thirty-two patients had locally advanced 
and/or disseminated disease. 

Thirty-two malnourished control patients with the fol- 
lowing diagnoses were investigated: benign hepatobiliary 
disease (n = 7); peptic ulcer (n = 10); lower limb ischemia 
(n = 5); abdominal angina (n = 4); abdominal aortic 
aneurysm with intermittent pain (x = 2); Crohn’s disease 


(n = 1), obstipation causing abdominal discomfort 
(n = 3). 
Nutritional Status 


Body weight was measured on a balance with a preci- 
sion of +1%. The body weight index was calculated from 
the ideal weight given in a recently published report of a 
local reference population.'® Triceps skinfold (TSF) was 
measured by a caliper on the dorsal section of the upper, 
nondominant arm. Mid-arm circumference (MAC) was 
measured halfway between the coracoid process and ole- 
cranon. Arm muscle circumference (AMC) was calculated 
from TSF and MAC by the following formula: 


AMC (cm) = MAC (cm — rX TSF cm).?’ 


The mean of three measurements of TSF and MAC was 
used. Total body potassium (TBK) was measured in a “°K 
whole-body counter. The TBK index was calculated from 
ideal TBK, derived from the ideal weight as described 
above and the relation of TBK to height and weight.!® 


Urine Collection 


Urine was collected from 7:00 a.m. to 7:00 a.m. of the 
following day (24 hours) for 3 consecutive days. The pa- 
tient was urged to empty his bladder before collection 
commenced, During the 24-hour period of the collection, 
voided urine was stored at 4 C. The primary part of the 
urine was acidified by 14 ml of 12 M HCI, but an aliquot 
used for determination of cortisol was kept without acid. 
Analyses of the urine were undertaken the day after col- 
lection. 
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Blood and Serum Analyses 


All samples used for blood, plasma, and serum mea 
surements were taken after the patients had fasted over 
night. Kits from Boehringer-Mannheim, West German: 
were used for determination of plasma glucose and glyc 
erol. Plasma insulin was measured by a radioimmunoas 
say kit (Pharmacia, Uppsala, Sweden). Hemoglobin con 
centration, leucocyte count, serum creatinine, and serun 
albumin were measured in the clinical routine laboratory 


Urine Analyses 


Urinary nitrogen was measured by the Kjeldah 
method.!? Creatinine was determined by an autoanalyze 
based on the Jaffé reaction.” Urinary cortisol excretion 
which 'is dependent on plasma-free cortisol concentration 
was quantified according to Scriba and colleagues.”! Thi 
method used for assay of adrenaline and noradrenalin 
was a modification of the method described by Von Eule 
and Lishajco.?” Vanilmandelic acid (VMA) was assayec 
according to the method of Wisser and Stamm.”? 

Noradrenaline and adrenaline in urine are derived fron 
several sources, including the adrenal medullary tissu: 
and sympathetic nerve endings. Catecholamines may bi 
excreted as free nonadrenaline and adrenaline or as me 
tabolites (metanephrines, 3-metoxi-4-hydroxy mande-li 
acid), of which VMA constitutes the main part. Despit 
the fact that VMA excretion is over 100-fold greater tha 
that of free catecholamines, the best indicators of sym 
pathoadrenal function are urinary-free noradrenaline an 
adrenaline.” Acute alterations in renal blood flow, di 
uresis, natriuresis, and urinary acidification do not alte 
catecholamine excretion.” Because it is unusual that el 
evated metanephrine excretion should not be reflected by 
VMA measurements, metanephrines were not deter 
mined. 


Statistics 


Statistical computation was performed by the Studen: 
t-test. Linear regression analysis was calculated and the 
slopes were compared statistically by a parametric test. p 
Values less than 0.05 were regarded as statistically signif: 
icant. 


Results 


Cancer and control patients were of the same age and 
sex (Table 1). Cancer patients had lower body weight anc 
TBK. Because the body weight index and TBK index were 
similar for the patients of both groups, this lower body 
weight and TBK in cancer patients was explained pri- 
marily by there being differences in height between the 
groups. TSF, AMC, body temperature, and resting hear 
rate were the same for both cancer and control patients 
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TABLE 1. Characteristics of Cancer and Control 


Patients (Mean + SEM) 

Cancer Control 

Patients Patients 

(n = 50) (n = 32) 
Age (years) 6/7. -& 2 68 + 3 
Male/Female 22/28 14/18 
Body weight (kg) 59.54 1.6+ 648+ 2,9 
Weight index (%) te 1.7 845+ 32 
Weight loss (%) 120+ 1.4 10.9+ 1.8 
Height (cm) 169.024 1.2ł 1730+ 1.9 
TBK* (mmol) 2570.0 + 121.0 2935.0 + 111.0 
TBK index (%) 86.9+ 2. 89.7+ 2.1 
Triceps skinfold (mm) lit 8 119+ 1.3 
AMC (cm) 25.02 (.6 26.14 0.7 
Body temp. (C) 370+ Gl 36.9+ OI 
Heart rate 

(beats/minute) 78.04 2.0 770% 2 
Urinary creatinine 
(mmol/24 hours) 69+ 0.5 Bit 0.6 

Urinary nitrogen 
~ (g/24 hours) 8&l + 0.72 78 £ 0.7 


* Total body potassium. 
t p < 0.05 ys. controls, 


Nitrogen excretion in urine was almost identical in the 
two groups, but urinary creatinine excretion was 15% 
lower in the cancer group, although this was not statisti- 
cally different. Nitrogen excretion per creatinine showed 
a trend to be elevated (p < 0.10) in the cancer patients. 

In cancer patients, blood hemoglobin concentration was 
lower and serum glycerol was increased as compared with 
that of control patients (Table 2). Erythrocyte sedimen- 
tation rate, WBC count, serum creatinine, blood glucose, 
serum albumin, and plasma insulin did not differ between 
the two groups. 

Although urine excretion of cortisol and adrenaline 
were significantly increased in cancer patients, the higher 
noradrenaline excretion did not reach statistical signifi- 
cance (Table 3). The noradrenaline excretion was signif- 
icantly elevated in cancer patients when normalized to 
urine creatinine excretion. There was no difference in 
VMA excretion between patients of the cancer and the 
control groups. 

For both cancer and control patients, cortisol per cre- 
atinine excretion (umol/mol) correlated inversely to the 
degree of malnutrition expressed as the TBK index (Fig. 
1). There tended to be a steeper slope in cancer patients 
compared with control patients (p = 0.07). Cortisol per 
creatinine excretion also correlated inversely to weight 
loss (correlation coefficient of 0.46 for cancer patients and 
of 0.53 for control patients, p < 0.001), but in this cor- 
relation, the slope for cancer patients was significantly 
steeper compared with that for control patients (p 
< 0.001). In cancer patients, cortisol per creatinine ex- 
cretion correlated negatively to the reduction in serum 
albumin, but not in the control patients (Fig. 2). The uri- 
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TABLE 2. Blood Measurements of Cancer and Control Patients 
(Mean + SEM) 

Control Control 

Patients Patients 

(n = 50) (n = 32) 
Hemoglobin (g/l) 123.0 + 3.0* 1310+ 3.0 
Blood leucocyte count (10°) 9.6+ 0.7 82+ 0.5 

Erythrocyte sedimentation rate 

(mm) 33.0 + 4.0 25.0+ 5.0 
Serum creatinine (mol/l) 84.0+ 6.0 88.0+ 4.0 
Serum albumin (g/l) 33.7+ LI 39534 ii 
Blood glucose (mmol/l) 50+ 0.3 45+ 0.2 
Plasma glycerol (umol/l) 155.0 + 170" {20,0 + 22.0 
Plasma insulin (uU/ml) 70+ 1.0 60+ 1.0 


* p < 0.05 vs. controls. 


nary excretion of catecholamines was not significantly 
correlated to the degree of malnutrition in either cancer 
or control patients. We could not find any trend pertaining 
to stage of malignancy in any of the measured parameters. 


Discussion 


During recent years, the understanding of metabolic 
alterations In progressive cancer with associated malnu- 
trition has improved considerably. It has been established 
that both anorexia and elevated energy expenditure con- 
tribute to weight loss in such patients.'2+5%?6? Some 
metabolic alterations are secondary to anorexia, whereas 
others, particularly the liver and the immune reactions, 
are explained by the accompanying inflammation.* What 
remains to be confirmed is how the message for tissue 


TABLE 3. Urinary Cortisol and Catecholamine Excretion in Cancer 
and Control Patients (Mean + SEM) 


Cancer Control 
Patients Patients Reference 
(n = 50) (n = 32) Values§ 
Cortisol (nmol/24 hours) 317 + 32¢ 196 +20 30-300 
Cortisol/creatinine 
(umol/mol) ni ae DE 31 + 4 
Adrenaline 
(nmol/24 hours) 39 + 4f 30 + 4 0-80 
Adrenaline/creatinine 
(uzmol/mol) 6.0+ 0.7} 39+ 0.5 
Noradrenaline (nmol/24 
hours) 299 +44 224 +25 70-420 
Noradrenaline/ 
creatinine (umol/mol) 44 + 7f 28 + 3 
VMA* (umol/24 hours) 22.2 45 24 + 17 0-40 
VMA/creatinine 
(mmol/mol) 34+ 0.38 3.0 + 0.2 


The mean of three consecutive 24-hour collections from each patient 
was used. 

* Vanilmandelic acid 

+t p < 0.05 vs. controls 

tp <0.01 vs. controls 

§ As defined for the methods used. 
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Cortisol/creatinine [mol/mol] 


Total body potassium index 


Fic. 1. The relationship between TBK index and urine cortisol/creatinine 
excretion. 

@ Cancer patients (y = 146 — 1.095x; r = 0.54, p < 0.01) 

{3 Control patients (y = 117 — 0.945x; r = 0.42, p < 0.05) 


breakdown is communicated among organs and tissue 
compartments in cancer patients. 

The most obvious loss of tissue compartments in cancer 
patients is that of skeletal muscles and subcutaneous fat. 
. We have recently reported that the loss of muscle mass 
in tumor-bearing animals is parallel with the decrease of 
appetite, and is caused by a depressed protein synthesis 
rather than by elevated breakdown.*° Similar findings have 
been obtained from studies of cancer patients.*' Although 
we have demonstrated insulin resistance in tumor-bearing 
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Cortisol/creatinine [mol/mol] 
= 





0 
10 20 30 40 50 


Serum albumin [g/l] 


Fic. 2. The relationship between serum albumin and urine cortisol/ 
creatinine excretion. 

@ Cancer patients (y = 149 ~ 2.89x; r = 0.58, p < 0.01) 

L] Control patients (r = 0.04, NS) 
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animals” and cancer patients*>** with regard to glucose 
homeostasis, it has been difficult to confirm that insulin 
is a key factor behind the wasting of skeletal muscles.**** 
In fact, as regards protein synthesis, tumor-bearing ani- 
mals have displayed normal insulin sensitivity in skeletal 
muscles, despite their being resistant in muscles for glucose 
uptake.** It is therefore possible that other classic hor- 
mones such as the catecholamines and glucocorticoste- 
roids may be involved in regulation of the protein ho- 
meostasis. 

The results of the present study support previous evi- 
dence of increased adrenergic and adrenal activity in can- 
cer patients, !'~'*:?> here demonstrated as increased excre- 
tion of cortisol, adrenaline, and noradrenaline as com- 
pared with that of matched control patients, although the 
values are not different from reference values in well- 
nourished, healthy individuals. These findings were ob- 
vious when measured as absolute excretion, and were even 
more pronounced when normalized to the creatinine ex- 
cretion. Creatinine excretion is generally used as a means 
for accounting for variation in diuresis and incompleteness 
of daily urine collection under nonmetabolic ward con- 
ditions. Creatinine may also indirectly reflect the muscle 
mass in both humans and animals.***’ Our cancer patients 
had a lower creatinine excretion, although not significantly 
so when compared with the control patients. Although, 
with regard to age and sex, the control patients were well- 
matched with the cancer patients, the cancer patients had 
small but insignificant differences in body compositional 
measures that amounted to 10% of TBK, as compared 
with the control group. Therefore, it is possible that the 
lower concentration of creatinine excretion may indicate 
a lower but statistically insignificant.reduced muscle mass 
in the cancer group. Perhaps more important may be the 
fact that our study and control patients seemed to be sim- 
ilar with regard to indices of inflammation, although this 
was evaluated by nonspecific hematologic parameters 
only. Therefore, we should not exclude the possibility that 
a higher cortisone excretion may in itself be evidence of 
a greater degree of inflammation in the cancer patients. 

The plasma level of glycerol was significantly higher in 
the cancer group, and this is consistent with our findings 
in previous studies of cancer cachexia.**“° Elevated glyc- 
erol concentrations may reflect an increased lipolysis in 
cancer disease,*° perhaps due to increased adrenergic ac- 
tivity and insulin resistance,** although it may also reflect 
decreased lipogenesis.*! 

We have previously speculated that elevated energy ex- 
penditure in cancer patients may be secondary to their 
increased adrenergic activity.**** It may be questioned, 
however, whether the urinary levels of catecholamines in 
the cancer patients are high enough to explain the in- 
creased energy metabolism. In patients with myocardial 
infarction and increased energy expenditure, the excretion 
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of adrenaline and noradrenaline may be around fivefold 
higher during the acute period than that found in our 
cancer patients.” A simple index of catecholamine activ- 
ity, such as pulse rate, did not support any difference 
among our patient groups, and since we did not measure 
energy expenditure directly in the present study, we cannot 
be certain whether the cancer patients differed significantly 
from the control patients in this respect. Therefore, the 
possible relationship between elevated energy expenditure 
and increased adrenergic tone in cancer disease remains 
speculative, although we have some circumstantial evi- 
dence to support this hypothesis. We have recently re- 
ported increased cardiac sensitivity to B-agonists in tumor- 
bearing animals,***° and we have obtained preliminary 
evidence of increased reactivity to adrenaline infused in 
cancer patients who lose weight.**? An interesting obser- 
vation of the present study was that of adrenaline excretion 
being inversely correlated to serum albumin concentra- 
tions in cancer patients. Such findings should also be seen 
in light of a pronounced down-regulation of thyroid hor- 
mones in those cancer patients who lose weight and have 
a serum albumin of less than 35 g/1.*° Thus, the presence 
of a malignant tumor may for some reason create an in- 
creasing adrenergic drive which, in order to save energy 
in a substrate deficient condition such as cancer cachexia, 
is counteracted by a down-regulation in thyroid hormones. 

It is difficult to evaluate whether the clearly higher cor- 
tisol excretion of our cancer patients is high enough to 
explain accelerated tissue breakdown. At best, this ques- 
tion can be evaluated by indirect comparison with other 
conditions where a more direct relationship has been re- 
ported between plasma concentrations and metabolic 
regulation. It has been clearly established that plasma cor- 
tisol levels within 300-500 ug/l can increase whole-body 
proteolysis after single drug infusions in healthy volun- 
teers.*’ Plasma levels of approximately 200-300 ug/l have 
been associated with urinary cortisol excretion corre- 
sponding to 250-300 g/day during the postoperative pe- 
riod.“ This corresponds approximately to a twofold higher 
concentration of excretion than that found in our cancer 
patients. It has been reported that the mean elevated con- 
centration of plasma cortisol was 165 + 69 ug/l for cancer 
patients, but was considerably higher in patients with 
metatstatic disease as compared with patients who had 
solitary tumors.'*'? Finally, there has been evidence sug- 
gesting that even mood changes can be registered in the 
pattern of urinary excretion of cortisol and catechol- 
amines. '4 

The results of the present study agree with our recent 
studies of tumor-bearing animals, in which we likewise 
demonstrated an elevated excretion of glucocorticoids.” 
In those experiments, however, it was obvious that the 
major part of the elevated cortisol excretion could be ex- 
plained by the stress that anorexia elicited in tumor-bear- 
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ing animals. Because we did not measure food intake in 
our present study, we cannot exclude the possibility that 
anorexia-related stress influenced cortisol excretion in 
cancer patients. Yet, irrespective of the reason behind in- 
creased pituitary-adrenal function in cancer patients, we 
regard it as a physiologic means by which a tumor can 
translate anorexia into negative host tissue balances, al- 
though it is well-recognized that malignant tumors may 
sometimes produce substances similar to ACTH.” In ad- 
dition to normal physiology, it is worth emphasizing that 
the combined small changes in several hormones, such 
as insulin, glucagon, thyroid hormones, growth hormone, 
catecholamines, and glucocorticoids may act synerpisti- 
cally and thereby amplify the response. It has been dem- 
onstrated that the combined infusion of stress hormones 
leads to a larger metabolic response than a single hormone 
infusions.°°-> 

In conclusion, this study demonstrates higher cate- 
cholamine and cortisol excretion in malnourished cancer 
patients as compared with malnourished control patients, 
although the values reported are not different from ref- 
erence values for well-nourished healthy individuals. In 
cancer patients, this increased urinary excretion could not 
be ascribed to alterations in body composition. However, 
one cannot exclude the possibility that the higher excretion 
of catecholamines may be explained by impaired extra- 
neuronal catabolism in the liver and the kidneys. It is 
possible, although not yet proven, that these hormonal 
alterations, in part, explain the ongoing tissue breakdown 
in progressive cancer disease. This question must await 
future, randomized studies with hormone blockers. 
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Incidence of catheter-related infections was studied using two 
techniques: changing catheters over a guide-wire or placing a 
new catheter at a new site every 3 days. Patients were randomized 
into two groups: Group 1 (new site) and Group 2 (guide-wire). 
Of the 105 catheterization sites (20 arterial and 85 central lines) 
in patients of Group 1, none were considered infected (i.¢., having 
15 or more colonies at the time of semi-quantitative microbiology 
analysis and clinical signs of infection at the catheter site). Of 
the 274 catheterization sites (56 arterial and 218 central) of 
patients of Group 2, eight (2.9%) were infected (x? = 1.89, p 
> 0.05). Colonization (15 or more cultures without clinical signs 
of infection) occurred in three of 105 (2.9%) and in four of 274 
(1.5%) of the catheterization sites of Groups 1 and 2, respectively 
(x? = 0.23, p > 0.05). Study results indicate no significant dif- 
ference in infection or colonization rates between the two methods 
of catheter replacement. 


intra-arterial catheters for invasive monitoring, 

venous access, or parenteral hyperalimentation 
is one of the mainstays of therapy in the intensive care 
unit. It is recognized, however, that these catheters may 
lead to infection. Previous studies have estimated that 
infection occurs in 10-14% of the sites of all catheter 
placements, with the frequency of catheter-associated 
bacteremia being about 3~7%.'? 

Despite this risk, however, intensive care units often 
vary widely in their methods of attempting to reduce in- 
fection rates. Some units replace their catheters with new 
ones every 3 days at a new site. Other units may withdraw 
catheters over a guide-wire every 3-4 days, and then re- 
place them with a new catheter over that wire. Still others 
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may leave their catheters in place for 7 days or longer, 
with varying levels of catheter care. 

Because of this variability in methods used for catheter 
replacement, this study attempts to compare the incidence 
of catheter-related infections in using two techniques: 
changing catheters every 3 days over a guide-wire versus 
placing a new catheter at a new site every 3 days. 


Patients and Methods 


This study included all consenting patients 18 years of 
age or older who were admitted to the Surgical Intensive 
Care Unit at Walter Reed Army Medical Center during 
a 2-year period, whose length of stay was more than 7 
days, and who required pulmonary artery, central venous, 
or arterial catheters as part of their care. | 

Using random tables, patients were placed into one of 
two study groups (Groups | or 2). Patients of Group | 
had catheters removed every 3 days and a new catheter 
placed at a new site. Patients of Group 2 had catheters 
replaced over a guide-wire every 3 days, using a standard 
protocol. 

Using the protocol for new catheter insertion and cath- 
eter care in the Surgical Care Intensive Unit, all catheters 
of both Group 1 (new site) and Group 2 (guide-w-re 
change at the same site) were placed using sterile tech- 
niques. Central venous catheter placement required that 
the operator wear gloves, gown, hat, and mask. For arterial 
line placement, the operator wore mask and gloves. Lo- 
cation of central venous catheters included the subclavian, 
internal jugular, and femoral venous sites. Arterial lines 
were placed either in the radial or femoral artery. The 
new catheter sites were prepared by washing the area three 
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times with 10% povidone-iodine swabs; after the povi- 
done-iodine was allowed to dry, the catheter site was 
cleaned with an alcohol swab and then was allowed to 
dry. The new catheter site was sectioned off from the sur- 
rounding environment, using a sterile barrier. After 
placement and suturing of the lines, the site was cleaned 
with 10% generic Acetone swab, followed by swabbing of 
the area with a povidone-iodine swab. Next a gauze pad, 
followed by a nonstick gauze pad, was placed over the 
site, and the two were secured with a piece of elastic tape. 

Sites prepared for new catheter placement were anes- 
thetized with 1% generic lidocaine solution. All central 
lines, as well as femoral arterial lines, were placed via 
modified Seldinger technique (a dialator was not used in 
the femoral arterial site). Radial arterial lines were placed, 
using a 20-gauge catheter over a needle technique. 

The procedure for changing a central venous catheter 
over a wire was as follows. All pre-existing bandages and 
sutures were removed from the current site by the oper- 
ator, with an assistant holding the catheter up and away 
from the skin surface. Once dried, the Betadine was wiped 
from the area with an alcohol pad end the area was again 
allowed to dry. The operator then changed his gloves and 
placed a sterile barrier to protect the operating field. Any 
caps present on the catheter were then removed with a 
sterile 4 X 4 gauze pad by the assistant. The operator next 
placed the wire into the catheter without touching the 
outside of the catheter, with the assistant continuing to 
hold the catheter in place. Once the wire was threaded 
through the catheter, the assistant pulled the catheter out 
over the wire. After the catheter had been sufficiently 
withdrawn so that the wire was visidly entering the skin, 
the operator regrasped the wire at the skin surface, and 
the catheter was then fully withdrawn by the assistant. 
After complete withdrawal of the catheter was performed, 
the operator grasped the wire and placed it onto the sterile 
field. A new catheter was subsequently placed over the 
wire. 

In both study groups, the physician treating any given 
patient was also responsible for the care and observation 
of that patient’s catheters. On a daily basis, all dressings 
were removed from the catheter site, and the site was 
inspected for any signs of infection. The site of catheter- 
ization was classified as infected if there was any evidence 
of redness, heat, induration, pain, or purulence surround- 
ing the catheter site, and if there were 15 or more colonies 


of bacterium or fungus at the time of semi-quantitative _ 


microbiology analysis of the catheter. Each time that a 
catheter was removed, the distal 2 cm were sterilely cut, 
placed in a sterile container, and within 30 minutes of 
removal, were sent to the microbiology laboratory for 
analysis, using the semi-quantitative culture technique of 
Maki.*» Additionally, in order to monitor for bacteremia, 
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a set of blood cultures was drawn each time that a catheter, 
or set of catheters, was changed. 

If the line did not appear infected and did not need to 
be changed, then the site around the catheter was swabbed 
with Acetone, Betadine, alcohol, in that order, after which 
Benzoin and a gauze pad, followed by a nonstick gauze 
pad, were placed and covered with Elastotape. 

Catheterization sites were classified as being infected if 
patients had positive blood cultures, fever, an abnormal 
WBC, or septic shock when no other sources of infection 
could be identified, and if there 15 or more colonies of 
an organism at the time of semi-qualitative microbiolog- 
ical analysis of the catheter tips. Catheterization sites hav- 
ing 15 or more colonies and no other signs of infection 
as outlined above were considered to be colonized. 

In both Group | and Group 2, patients who developed 
signs of infection or who were found to have catheters 
that were colonized had their catheters removed and re- 
placed with a new catheter at a new site. For the duration 
of the study, the patients continued to have their catheters 
replaced according to the method prescribed for their par- 
ticular study group. Patients who were believed to have 
developed a catheter-related infection were treated with 
the appropriate antimicrobial therapy according to the 
microbiologic sensitivities. 

After results of the study were obtained, statistical sig- 
nificance was evaluated, using chi-square analysis. 


Results 


A total of 105 catheters were placed in patients of Group 
1. This total included 20 arterial lines and 85 central lines. 
A total of 274 catheters were placed in patients of Group 
2, including 56 arterial lines and 218 central lines. The 
mean age was 63 years for patients of Group | and 64 
years for patients of Group 2. There were a total of two 
pneumothoraxes in patients of Group 1 and no pneu- 
mothoraxes associated with the patients of Group 2. 

Of the 105 catheterization sites in patients of Group 1, 
none became infected, whereas eight of 274 (2.9%) were 
infected in patients of Group 2. Statistical analysis for this 
difference in infection rates showed x? = 1.89, with 
p > 0.05. 

In Group 1, three of 105 (2.9%) of the catheterization 
sites were. considered colonized, whereas four of 274 
(1.5%) of the catheterization sites of Group 2 were con- 
sidered colonized. Analysis of this difference showed x? 
= 0.23, with p > 0.05. 

In Group 1, two of 85 (2.4%) of the central lines placed 
were complicated by pneumothoraxes, whereas of the 218 
central venous catheters placed in patients of Group 2, 
none were associated with pneumothoraxes. Analysis of 
this difference showed x? = 3.12, with p > 0.10. 
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Catheter-associated bacteremia did not develop in any 
of the patients studied. 


Discussion 


The findings of Maki? and others® demonstrating that 
the incidence of infections due to intravascular catheters 
rapidly increases after 3-4 days has led some physicians 
to recommend that no catheter remain in the same site 
for longer than this period. On the other hand, recent 
studies have suggested that there may not be increased 
frequency of septic complications when catheters are re- 
placed over a guide-wire every 3 days at an existing cath- 
eter site.’ When this technique was used, the catheters 
that were removed were also cultured by the semi-quan- 
titative culture technique, which allowed differentiation 
between clinical catheter infection and contamination of 
the catheter at the time of removal. 

The results of our study indicate that there is, in fact, 
no significant difference in infection or colonization rates 
between the two methods of catheter replacement: chang- 
ing catheters every 3 days over a guide-wire versus placing 
new catheters at a new site every 3 days. 

These results are consistent with another recent study 
of pulmonary artery catheters in which the investigator 
likewise found no significant difference in infection rates 
when using these two techniques.® In fact, in their study, 
when a new site was used, the infection rate was slightly 
higher than when a guide-wire was used. 

The results of our study also indicate that, at the time 
a catheter or set of catheters were changed, there was no 
significant transient bacteremia, as measured by blood 


cultures, in using either the “new site” or guide-wire cath- _ 


eter changing techniques. This, coupled with the lack of 
significant difference in infection or colonization rates be- 
tween the two techniques, supports the notion that there 
is no increased frequency of septic complications when 
replacing catheters over a guide-wire. 

It has been our experience that both the “new site” 
technique and the changing of an existing catheter over 
a guide-wire are approximately equal in terms of cost and 
time spent placing the lines. Nonetheless, there are prag- 
matic reasons for advocating the changing of an existing 
catheter over a wire rather than the “new site” technique. 
First, many patients in our Surgical Intensive Care Unit 
have poor vascular access. In terms of economy of effort 
and the difficulties one may encounter in trying to place 
a second line, it makes sense to change an existing line 
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over a wire—particularly because there is no significant 
increase in infection rate or transient bacteremia in using 
this technique. A second, and by no means trivial con- 
sideration, is the morbidity and pain inflicted on the pa- 
tient when a new line is placed every 3-4 days, as opposed 
to when an existing line is changed over a wire. Although 
the discomfort that a patient experiences during new line 
placement is not an easily quantifiable value, it is nev- 
ertheless a very real problem. A third concern is that, in 
our study, there was a pneumothorax rate of 2.4% when 
the “new site” technique was used versus 0% when the 
guide-wire technique was used. Overall, the national rate 
for pneumothoraxes is approximately 1-3%. Considering 
that all of the pneumothoraxes that did occur in this study 
were associated with the “new site” technique and that 
we experienced a high rate of turnover of housestaff within 
our intensive care unit, it makes sense to lower the risk 
of pneumothorax occurring in the patient by minimizing 
what appears to be the unnecessary starting of new lines. 

Our results suggest that the adoption of the guide-wire 
technique, as well as associated with no increased risk of 
infection, may be of benefit in eliminating the difficulty 
of finding new sites in poor vascular access patients, de- 
creasing patient discomfort associated with the placing of 
a new line every 3-4 days, and decreasing complications 
of placing new central lines, such as pneumothorax or 
inadvertent arterial cannulation, when placing central 
lines. 
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The Spinal Accessory Nerve Plexus, the Trapezius 
Muscle, and Shoulder Stabilization After Radical 


Neck Cancer Surgery 





H. BROWN, M.D., S. BURNS, O.T.R., and C. WILLIAM KAISER, M.D. 


A clinical and anatomic study of the spinal accessory, the eleventh 
cranial nerve, and trapezius muscle function of patients who had 
radical neck cancer surgery was conducted. This study was done 
not only to document the indispensibility of the trapezius muscle 
to shoulder-girdle stability, but also to clarify the role of the 
eleventh cranial nerve in the variable motor and sensory changes 
occurring after the loss of this muscle. Seventeen male patients, 
49-69 years of age, (average of 60 years of age) undergoing a 
total of 23 radical neck dissections were examined for upper 
extremity function, particularly in regard to the trapezius muscle, 
and for subjective signs of pain. The eleventh nerve, usually re- 
garded as the sole motor innervation to the trapezius, was cut 
in 17 instances because of tumor involvement. Dissection of four 
fresh and 30 preserved adult cadavers helped to reconcile the 
motor and sensory differences in patients who had undergone 
loss of the eleventh nerve. The dissections and clinical obser- 
vations corroborate that the trapezius is a key part of a “muscle 
continuum” that stabilizes the shoulder. Variations in origins 
and insertions of the trapezius may influence its function in dif- 
ferent individuals. As regards the spinal accessory nerve, it is 
concluded that varying motor and sensory connections form a 
plexus with the eleventh nerve, accounting, in part, for the vari- 
ations in motor innervation and function of the trapezius, as well 
as for a variable spectrum of sensory changes when the eleventh 
nerve is cut. For this reason, it is suggested that the term “spinal 
accessory nerve plexus” be used to refer to the eleventh nerve 
when it is considered in the context of radical neck cancer surgery. 


nerve—is usually described as a pure motor 

nerve! that is nearly always the sole motor in- 
nervation to the trapezius muscle.”* Both parts of this 
statement are disputed in the literature, and our clinical 
and anatomic findings are similarly at variance with them. 
After the loss of function of that nerve, trapezius muscle 
paralysis usually results, with the dropping and internal 
` rotation of the shoulder. The loss is most commonly due 
to surgical procedures; the nerve is either accidentally cut 
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in taking a posterior triangle cervical lymph node for bi- 
opsy, or is excised during radical neck cancer operations 
because it is involved with tumor. This report discusses 
those patients who have experienced loss of function of 


_the eleventh nerve due to the latter surgical procedure. 


Several such patients have severe upper extremity im- 
pairment with both functional motor deficits and debil- 
itating neck and shoulder pain that may radiate to the 
face and head—and even across the midline to the arm 
and hand. Conversely, other patients may experience little 
or no pain, and accommodate their varying degrees of 
motor loss very well. 

The differences between these two groups of patients 
who have lost the eleventh nerve during radical neck can- 
cer surgery suggest the usefulness of not only a retrospec- 
tive review of function of the affected arm and shoulder, 
but a neuroanatomic study of the area involved in “radical 
neck” surgery, as well. An effort was made to explain 
these differences, at least in part, from anatomic variations. 
For example, we-found clinical evidence suggesting that 
the function of the spinal portion of the eleventh nerve 
to the sternomastoid and trapezius muscles may not be 
related entirely to motor activity. On the basis of our clin- 
ical findings, the eleventh nerve may be theorized to con- 
tain sensory vagal fibers, as from the central nuclei, which 
usually become the latter’s superior laryngeal branch.’ It 
is possible that they, along with other sensory connections 
to the eleventh nerve, may account for some of the sensory 
changes that occur when the spinal accessory nerve 1s cut. 
The anatomic part of this study attempts to address these 
issues. 

Previous work has indicated the indispensibility of the 
trapezius muscle to shoulder-girdle stability.* A corollary 
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to this study was to document the indispensibility of the 
trapezius muscle as part of a shoulder-girdle “muscle con- 
tinuum’’, as well as clarify the role of the eleventh cranial 
nerve in the variable motor and sensory changes occurring 
after the loss of this muscle. 


Material and Methods 
Clinical Studies 


The thrust of this report is to both cite and attempt to 
explain the differences in function of the upper extremity 
and sensory changes experienced by different patients who 
have undergone loss of the eleventh nerve. We will attempt 
to explain these differences on an anatomic basis, rather 
than discuss the methodology, outcome, and possible im- 
provements, to be made in the cancer operations used. 
Clinical data other than that related to functional and 
sensory changes, nevertheless, is stated briefly to indicate 
more precisely the kinds of patients studied. 

Seventeen male patients, 49-69 years of age (average 
age 60 years), undergoing a total of 23 radical neck dis- 
sections for head and neck cancer were examined for up- 
per extremity function, particularly in regard to the tra- 
pezius muscle, and for subjective signs of pain. Of those 
23 radical neck operations, twelve were right radical neck 
dissections nine were left radical neck dissections. These 
numbers include four patients who underwent bilateral 
radical neck operations. 

In 14 patients undergoing a total of 17 operations (ten 
of the right side of the neck and seven of the left), the 
spinal accessory nerve was cut. These patients were fol- 
lowed for 1.5-8 years, for an average of 4 years. In four 
patients undergoing a total of four operations (two right 
radical neck dissections and two left), the nerve was not 
cut. Two of these four patients were followed 3 and 5 
years, respectively, and the remaining two were followed 
for less than 1 year. 

In one patient, the eleventh nerve was sectioned on one 
side, but not on the other. In tabulating results, this patient 
is included in the group of patients in whom the nerve 
was cut, as well as in the noncut group. This form of 
tabulation results in a seeming discrepancy in some data, 
which present 18 rather than 17 patients. 

Diagnoses for the 14 patients in whom the eleventh 
nerve was sectioned were carcinoma of the larynx and 
carcinoma of the tongue and floor of the mouth in five 
patients, each, carcinoma of the soft palate in one patient, 
and metastatic cervical nodes of unknown primary origin 
in three. Diagnoses for the four patients who did not lose 
the eleventh nerve were carcinoma of the larynx in two 
patients, and carcinoma of the tongue and floor of the 
mouth and carcinoma of the cervical lymph nodes of un- 
known etiology in one patient, each. 

To assess different degrees of motor and sensory 
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changes, we gave these patients a function-evaluation. 
Eleven factors were selected: 1) extent of tumor involve- 
ment, 2) intensity and distribution of pain, 3) pain treat- 
ment requirements, 4) loss of range of motion, 5) im- 
pairment of ability to work, 6) impairment of ability to 
participate in activities of daily living, 7) impairment of 
ability to participate in hobbies, 8) patient perception of 
effectiveness of occupational and physical therapy, 9) ad- 
aptation and acceptance of impairment, 10) impairment 
from associated lesions, and 11) survival time. 

Evaluations were made by two independent observers. 
The few discrepancies that were found were reconciled 
by further examination and interview. 

Results of each of the eleven factors of evaluation were 
graded on a scale of O to 5, with O being the optimal 
condition, and 5 being the poorest condition. In the case 
of “extent of tumor involvement,” a tumor of 1 cm or 
less without local or distant spread was graded 1. A grade 
of 2 was given to local spread. A grade of 3 was given to 
involvement of one side of the neck, grade 4 was given 
to involvement of both sides, and a grade of 5 indicated 
distant metastases beyond the neck. The scores of each 
factor were added, and the sum of these scores was ex- 
pressed as a percentage of the maximum score for the 
poorest result possible, 55. A percentage of 0-10% was 
considered an excellent result. A percentage of 10-30% 
indicated a “good” result; 30-60%, a “‘fair” result; and 
60-100%, a “poor” result. These ratings correlated well 
with patients’ clinical assessments. 

Obviously, many of these data are very subjective. They 
required more objective confirmation, which was fur- 
nished, in part, by the second, or anatomic, part of the 
study. 


Anatomic Studies 


Goals for this part of the study were as follows: 1) to 
demonstrate by dissection and analogy to clinical findings 
nerve pathways and connections that might explain dif- 
ferent motor and sensory changes, including pain after 
loss of the spinal accessory nerve, in different patients; 2) 
to demonstrate trapezius origins, insertions, innervation, 
and their variations by dissection, clinical examples, and 
comparison to observations made in the literature; and 
3) to show that the trapezius muscle is a central part of a 
muscle continuum of the neck, shoulder girdle, back, and 
chest. 

Thirty-four cadavers (four fresh and 30 preserved) were 
dissected to accomplish these goals. 


Results 
Clinical Studies 


Of these 17 patients who underwent radical neck cancer 
surgery, five died of their disease, and one died of unrelated 
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Fic. 1. Posterior view of the origins of the spinal and accesso-y portions 
of the eleventh cranial nerve shown with part of the postericr fossa and 
spinal column cut away. 


causes. Three patients are currently living with -ecurrent 
disease 2~4 years after radical neck cancer surgery. Six 
patients are disease-free 4-8 years after surgery. whereas 
the two remaining patients have undergone surgery only 
during the past year, too recently to be judged. 
Trapezius paralysis, atrophy, and scapular wirging with 
limitation of strength and motion occurred on the affected 
side, but to varying degrees in all patients who have lost 
the spinal accessory nerve. After eleven of thcse 17 op- 
erations during which the nerve was cut, the shoulder 
became constantly painful as it dropped and rotated in- 
ternally while the humeral head subluxed. Finally, it be- 
came difficult for the patient to use that arm. These eleven 
operations were performed in eight patients who were 
classed as a sub-group, with eight operations being right 
radical neck dissections and three being left radical neck 
dissections. Three of these patients underwent bilateral 
neck dissections. 
Pain distribution in these patients varied on the affected 
side, from localization to the operative site in some, to 
the neck and shoulder in others, and the entire upper 
extremity, including the hand, face, or head, and even 
across the midline in others. Chin pain and. numbness 
extending onto the chest wall were noted, as well as 
drooping of the corner of the mouth when the mandibular 
branch of the facial nerve was cut. One patient experienced 
‘dizziness, which has been attributed to disturbance of in- 
nervation to the carotid body by some authoss.° 

Using the function-evaluation scale, seven of eight pa- 
tients of the sub-group who experienced severe unremit- 
ting pain had a poor functional result, whereas one had 
a fair result. Impairment in addition to pain, for example, 
was indicated in these patients by loss of range of motion 
at the shoulder. Abduction in the eight instances measured 
in this group averaged only 58°, the range being 30-—90°. 
Foreward flexion averaged only 91°, the range being 75- 
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120°. Normal range of motion in both instances is 180° 
Similarly, there was a loss of approximately half thi 
strength in these shoulder and arm muscles when thi 
eleventh nerve was cut, as measured by estimating muschi 
strengths on a scale of 1-5, with 5 being strongest. 
From these data, unremitting pain was nearly as gooc 
an indicator of a poor functional result as was the use o 
the more elaborate functional evaluation scale. As jus 
mentioned, seven of eight patients who experienced thi: 
kind of pain after losing the eleventh nerve had a poo: 
functional result. Conversely, six additional patients hav 
ing similar operations with eleventh nerve loss experience 
no pain, but, similar to those with severe pain, sufferec 
limitation of motion and other activities to varying de 
grees. From a standpoint of function, three of these pa 


~ tients were rated as “good” and three as “fair”. 


F 


On the other hand, the trend of figures suggest tha 
survival was not related to pain, even though the number: 
in this series are too small for a formal statistical analysis 
Three patients with severe pain and two patients who were 
pain-free died of their disease. One patient with severe 
pain died of other causes after 5 years. One patient witt 
pain and two without are currently living with advancec 
disease. 

By comparison, two of the four patients in whom the 
eleventh nerve was not cut during radical neck cance! 
surgery had a fair result, according to the function-eval: 
uation scale, whereas the remaining two had undergone 
operation too recently for evaluation. Also, compared witl 
those who had lost the eleventh nerve, range of motior 
at the shoulder was normal or very nearly so, and loss o 
shoulder strength averaged approximately 30%. The dis 
sections discussed in the next section helped to explair 
and to correlate these findings on an anatomic basis. 


Anatomic Studies 


Anatomy of the Spinal Accessory Nerve. The spinal ac 
cessory nerve receives one of its two portions, the spina 
or motor portion, from fibers arising from neurons in the 
ventral horn of the upper four or more cervical segment: 
of the spinal cord. Fibers may arise as low as the fifth, bu 
rarely arise as low as the seventh cervical segment.' These 
fibers ascend lateral and parallel to the cord, but outside 
of it on each side, entering the skull through the foramer 
magnum. They then proceed along the posterior fossa tc 
join bulbar fibers, the second or accessory portion of the 
nerve, from its brain stem nucleus in the medull 
oblongata!’ (Fig. 1). Embryologically, this nucleus may 
be regarded as the posterior part of the vagal nuclear com: 
plex, springing chiefly from the inferior continuation o 


_ the nucleus ambiguus in common with the motor fiber: 


of the vagus nerve above it.' Some of the accessory fiber: 
are sensory. The two parts of the eleventh nerve, having 
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FIG. 2. The ansa hypoglossi sends branches to the eleventh nerve (circles), 
as does the cervical plexus (square), the brachial plexus (triangle) and 
the cervical sympathetics just above the latter (diamond). 


joined, leave the skull through the jugular foramen in the 
same dural compartment as the vagus nerve. The spinal 
accessory nerve did not travel through the lumen of the 
jugular vein in any of the specimens dissected in this study, 
as it has been reported to do on rare occasions.’ The nerve 
variably divides at the jugular foramen vicinity into its 
two original components. The superior or accessory 
branch joins the vagus either directly or through the gan- 
glion nodosum contributing to the pharyngeal, laryngeal, 
and cardiac sympathetics through this spinal accessory 
nerve ramus.'* 

The inferior or spinal branch just mentioned, traveling 
beneath the posterior belly of the digastric and sterno- 
mastoid muscles travels down and back along the internal 
jugular vein, either anterior or posterior to the occipital 
artery, before entering the sternomastoid muscle where it 
may interlace with the second cervical nerve.' Consider- 
able variation in this description was observed in dissec- 
tions from this laboratory. For example, in these dissec- 
tions, the nerve, after coming to lie on the posterior surface 
of the sternomastoid muscle beginning near the latter’s 
origin from the mastoid process, is sometimes imbedded 
in the muscle substance. The point where the accessory 
nerve left the sternomastoid muscle to cross the posterior 
cervical triangle was recorded in six specimens. The nerve 
emerged from the posterior border of the sternomastoid 
muscle at its midportion in three specimens, and from 
the junction of the middle and upper thirds in three others. 
The nerve then crossed the posterior cervical triangle 
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Fic. 3. Nerves of the cervical plexus (circle) join the eleventh nerve. Note 
that the transverse cervical branch of the phrenic nerve connects to the 
eleventh nerve as well (hexagon). This transverse cervical branch crosses 
the neck in the lower part of the picture accompanying the transverse 
cervical artery drawn below the nerve but not labeled. 


obliquely downward before entering in the trapezius 
muscle (Fig. 2 and 3). 

With the chin pointed foreward in the adult, the spinal 
accessory nerve was usually 4-5 cm long, as measured 
from its exit from the sternomastoid posterior muscle edge 
to the anterior edge of the trapezius muscle. With the chin 
pointed toward the opposite shoulder, the lax nerve be- 
came more fully extended and measured 9-10 cm between 
those two muscles. In its passage across the neck, the nerve 
was engulfed in fatty-fibrous tissue and lymph nodes (Fig. 





Fic. 4. The spinal accessory (straight arrow) and great auricular (curved 
arrow) nerves are imbedded in fat. 
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FIG. 5. The spinal accessory nerve at the bottom of the illustration is 
like a tree trunk, or what Silas Wier Mitchell called a “parent stem,’ 
with connecting branches to the face. The great auricular nerve is circled. 
The latter nerve has connections to the trigeminal (square) and facial 
nerve (triangles). Below the eye, the trigeminal and facial nerves also 
connect. Note that the mandibular branch of the facial nerve is part of 
this plexus. 


4). It adhered to these structures, particularly to the lymph 
nodes. The nerve was easily mistaken for fibrous tissue 
and cut for a fibrous strand. Similarly, it is easily removed 
along with a lymph node, to which it is densely adherent, 
during a laboratory dissection, or clinically, during a 
lymph node biopsy procedure. 

Upon further anatomic dissection, it was readily ap- 
parent that the spinal accessory nerve was not an isolated 
trunk, but part of an extensive and delicate interconnected 
network of nerves of the neck, shoulder, face, and head. 
For this reason the eleventh cranial nerve and its adjoining 
fibers are better termed the “spinal accessory nerve 
plexus,” not a new proposition,° but one which data from 
dissections will endeavor to defend. 

Connections to the Spinal Accessory Nerve. Specific 
dissections portrayed the following connections to the 
spinal accessory nerve: 1) The largest branch of the cervical 
plexus, the great auricular nerve from C, and C3, emerged 
from behind the sternomastoid muscle at the same level 
as the eleventh nerve in all the specimens dissected. Upon 
emerging from the posterior sternomastoid muscle border 
the great auricular nerve, like the spinal accessory, is 
embedded in fat (Fig. 4). In addition, in all these speci- 
mens, fibers from the great auricular nerve contributed 
to the spinal accessory nerve. For example, a segment of 
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nerve, usually of the diameter of both the eleventh nerve 
and the great auricular nerve, connected the two just be- 
yond their emerging from the posterior border or the ster- 
nomastoid muscle (Figs. 3 and 5). In fact, in one specimen, 
the great auricular nerve arose from the eleventh nerve 2 
cm distal to the posterior sternomastoid border. 

2) A branch of the trigeminal nerve connected with 
the great auricular nerve as the latter curved over the top 
of the ear. The more proximal part of that great auricular 
nerve had connections with the eleventh nerve (Fig. 5). 

3) Similarly, twigs of the great auricular from under 
the ear connected anteriorly with fibers of the facial nerve 
(Fig. 5). The latter could be traced from the stylomastoid 
foramen through soft tissues just below the pinna of the 
ear before plunging almost immediately into the substance 
of the parotid gland. Posteriorly, great auricular twigs 
communicated with the greater occipital nerve (Fig. 2). 

4) The mandibular branch of the facial nerve came 
from a portion which, for a time, was intraparotid, as 
well. Branches from the cervical plexus joined this facial 
mandibular ramus at one end and the spinal accessory 
nerve at the other (Fig. 5). 

5) The phrenic nerve gave fibers that were either run- 
ning alone or with branches of the transverse cervical ar- 
tery as a neurovascular bundle, and which, in either case, 
joined eleventh nerve branches before entering the un- 
derside of the trapezius muscle (Fig. 3). 

6) Near their origins, brachial plexus branches joined 
other cervical nerves and then the spinal accessory nerve 
before entering the trapezius muscle. The brachial plexus, 
when giving these branches, is first nearly vertical as it 
arises from the vertebral foramina, before its components 
begin to move laterally to surround the subclavian artery 
(Fig. 2). 

7) The twelfth cranial or hypoglossal nerve gave 
branches from the ansa hypoglossi to the anterior neck 
strap muscles, with branches connecting the cervical 
plexus to the spinal accessory nerve (Fig. 2). 

8) Stellate ganglion branches, presumably sympathetic 
fibers, joined cervical nerves in a network including the 
eleventh cranial nerve, and interconnected before entering 
the underside of the trapezius muscle (Fig. 2). 

9) The second, third, and fourth cervical nerves sent 
branches to the spinal accessory nerve in the manner de- 
scribed by anatomy textbooks for more than a century!*”’ 
(Fig. 6), but indeed, connections to cervical as well as 
cranial nerves were much more extensive, as Figure 6 
illustrates. The pain distribution after severance is evi- 
dence supporting the belief that the spinal portion is not 
purely motor in function. It is probable that many alter- 
native pathways exist in the “spinal accessory nerve 
plexus” other than those described in this report. 

The Trapezius Muscle. The following demonstrates the 
third anatomic goal—namely, that the trapezius is the 
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Fic. 6. William Henry 
Flower’s 1861 drawing of 
the distribution of the 
ninth, tenth, eleventh, 
and twelfth cranial nerves 
shows classically accepted 
C., connections to the 
eleventh nerve (circle). 
The eleventh nerve, with 
a network of interlacing 
branches to other cervi- 
cal, sympathetic, and 
cranial nerves as observed 
in the dissections pres- 
ently being reported, was 
not included as part of his 
observations. 


stabilizing part or “keystone” of a muscle continuum of 
the neck, shoulder-girdle, back, and chest. 

Although the Greek word “‘trapezion” means a little 
table or a four-sided figure,® the trapezius muscle is, in 
fact, usually described as a three-sided muscle. There is 
one trapezius muscle on each side of the neck and upper 
back. They are usually assymetric and variable in size, 
origins, and insertions. 

The trapezius lies in the same fascial sheath as the ster- 
nomastoid muscle and the neck itself, beneath skin, sub- 
cutaneous tissue, and platysma muscle. The trapezius 
arises and inserts in a variety of ways. It may arise from 
the occipital bone, the ligamentum nuchae, as well as from 
the spinous processes of the last cervical and all twelve of 
the thoracic vertebrae. It inserts on the dorsal surface of 
the scapula, including its caudal angle, spine, and acro- 
mion, as well as the clavicle. Its function is to rotate the 
scapula in an arc, medial to lateral, so that the glenoid 
fossa faces upward or cephalad. In so doing, the muscle 
helps to pull the arm out to make its abduction arc, its 
lateral swing away from the side of the body, or its flexion 
arc in front of the body. 

With atrophy of the trapezius as after denervation from 
severance of the spinal accessory and ancillary nerves, the 
shoulder drops caudad several centimeters and internally 
rotates—that is, comes foreward and toward the midline. 
The shoulder is perceptibly lower than the other side. The 
curved fullness from the base of the neck to the shoulder 
gives way to an emptiness, with a nearly flat skin surface 
posterior to the clavicle from the base of the neck to the 


shoulder. The assymetry with the opposite shoulder is 
striking. 

With loss of trapezius function, the medial or straight 
border of the scapula, moves away from the chest wall, 
no longer being held to the chest wall by that muscle. The 
angle of the scapula, its lowermost border, often rotates 
laterally to the order of 20°. The medial scapular border 
then no longer parallels the vertebral column. 

Muscles attached to the scapula lose their secure pur- 
chase, becoming inefficient with this scapular instability. 
These muscles, many of which are shoulder-girdle and 
covered by or bordering the trapezius muscle include the 
supraspinatus muscle, the deltoid, the serratus anterior 
or magnus muscle, the rhomboid muscles (major and mi- 
nor), the infraspinous fossa muscles (teres major and mi- 
nor), the infraspinatus, and the subscapularis muscle. 

The supraspinatus muscle that initiates the first 15° of 
abduction at the shoulder may be unable to lift the arm 
against the force of gravity or may barely be able to do 
so. The deltoid, which continues to lift the arm in an 
abduction arc from 15° to 90°, suffers from similar lim- 
itations. 

The serratus anterior or magnus muscle ineffectively 
pulls on its unstable scapular insertion from its origins 
on the first nine ribs. The muscle then no longer holds 
the scapula to the chest wall, adding scapular winging 
deformity. The rhomboid muscles, major and minor, are 
less effective in rotating the scapula medially in their action 
between the medial scapular border and vertebral column. 
The levator scapulae is impaired in rotating the scapular 
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FIG. 7. In 1627, Casserius dramatically portrayed the central importance 
of the trapezius muscle to the shoulder, neck, and back. It is not difficult 
to see the trapezius as part of a continuum of back muscles in this picture. 


spine outward from the upper cervical vertebral origins 
of the muscle. Nor are the infraspinous fossa muscles, 
teres major and minor, and the infraspinatus, or the mus- 
cle under the scapula, the subscapularis (all having hu- 
meral insertions) effective. 

Because of their attachment with other shoulder mus- 
cles to the unstable scapula, the arm muscles, the biceps, 
coracobrachialis, and triceps similarly lose power, as do 
the pectoralis major and minor muscles on the anterior 
chest. 

The muscles of the back, chest, shoulder, and neck are 
not so distinct as our descriptions suggest. The muscles 
form one continuous layer or structure intermixed with 
varying amounts of connective tissue and fascia, tendon 
or fatty areolar tissue. The trapezius portion of this ‘“‘mus- 
cle continuum” is located in a key, central area for sta- 
bilizing the shoulder. This idea may well have been what 
the artist had in mind in his portrayal of the trapezius 
muscle in a celebrated example of the concept of ‘“‘dy- 
namic anatomy” of that day (Fig. 7).° 

Nerves come to segments of this continuous muscle 
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structure in varying positions in different individuals. 
Figure 8 is an elegant illustration showing the many tho- 
racic and cervical nerves both piercing and crossing the 
trapezius muscle. The drawing does not differentiate sen- 
sory from motor innervation. It is reasonable to assume 
that this rich plexus of nerves traversing the muscle con- 
tributes some motor in addition to sensory fibers (Fig. 
8),'° particularly in normally functioning persons with 
deficient or absent eleventh nerves. 


Discussion 


As pointed out at the beginning of our report, anato- 
mists have differing views of the function of the cervical 
innervation to the trapezius. Williams and Warwick cite 
evidence that cervical nerves are proprioceptive, with only 
the eleventh nerve having motor function.’ Nearly a half 
century earlier, Bardeen, however, pointed out that the 





FIG. 8. The large number of nerves piercing the trapezius muscle on 
each side of the spinal column strongly suggest that their motor function 
also influences the trapezius, and in unusual circumstances, in the absence 
of the eleventh nerve, innervate the trapezius in its entirety. This drawing 
also demonstrates continuity of the back muscles. Actual dissections, in 
fact, usually show the individual back muscles to be much less distinctly 
outlined. (See text for fuller explanation).'° 
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trapezial innervation may stem solely from cervical i 
nerves.!! Farlier still, Piersol, in his 1911 anatomy text, 


also told of three dissections in the experience of the Uni- 
versity of Pennsylvania in which no spinal accessory nerve 
was present. 

Undoubtedly there is a middle road, and trapezius in- 
nervation varies, accounting for differing motor and sen- 
sory losses when it is cut. Further, significant variations 
of origin and insertion of the trapezius muscle in the 
“continuum” in different individuals observed both here 
and elsewhere! could account for different actions in dif- 
ferent individuals. 

Some neck and other pain after radical neck cancer 
surgery may be due to the cutting of sensory nerves, per 
se, independent of the eleventh nerve injury. Scar en- 
trapment or neuroma formation might contribute to this 
pain. Furthermore, postural changes, such as drooping 
and internal rotation of the shoulder, may contribute sig- 
nificantly to pain. Nevertheless, the eleventh nerve damage 
may play a central role in exciting pain, even that which 
is remote from the drooping shoulder. Evidence for this 
statement is supplied by the severe remote pain experi- 
enced by some patients when limited dissection involved 
few if any nerves other than the eleventh nerve (e.g., during 
a lymph node biopsy). 


The concept of a spinal accessory nerve plexus very ` 


probably has occurred to other students of anatomy and 
appeared in other writings of which we are unaware. Silas 
Wier Mitchell in his classic 1872 work on nerve injuries 
suggests such a concept: 


“, . Nerves. . . by free communication between neigh- 
boring branches form a plexus or network from which emerge 
finally the nerve trunks (Figures 2, 3, 5)... . A knowledge of 
these networks is essential to the study of nerve wounds, because 
injuries of the plexuses, especially that of the neck are very 
common in war and their arrangements enable us to explain 
in many cases the transmission of disease from one nerve to 
another which is closely related to it in the plexus or as its 
parent stem.’® 


The entire text of pages 28 and 29 of Mitchell’s book are 
recommended to the reader so that this quotation may 
not be misunderstood out of context. 

Finally, both Bardeen'® and Lahey’? wrote of a spinal 
accessory nerve plexus that formed with cervical nerves 
just before entering the trapezius at the base of the neck 
for motor innervation. These authors were probably re- 
ferring to a much lesser plexus than that referred to by 
Mitchell or by us. . | 
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Conclusions 


The evidence from sensory changes observed and from 
connections of the eleventh nerve to other sensory nerves 
indicates, as suggested earlier, that the function of the 
spinal accessory nerve is, in fact, not purely motor. The 
areas of overlap of pain (i.e., in the head, face, neck, and 
arm) further strongly suggest that the separation of the 


. spinal and accessory portions is not clear-cut, either an- 


atomically or functionally. In view of the considerable 
number of sensory and motor connections to the eleventh 
nerve, it is suggested that the term “‘spinal accessory nerve 
plexus” be used when discussing motor and sensory def- 
icits after loss of the eleventh nerve. 

Dissections and clinical observations further suggest 
that the trapezius muscle is a critical part of a muscle 
continuum of the shoulder, neck, arm, back, and chest. 
When the trapezius is paralyzed due to loss of the eleventh 
nerve, varying degrees of motor impairment occur, de- 
pending not only on how much collateral innervation 
comes from other nerves, but also from variations in the 
usual origins and insertions of this muscle in the “con- 
tinuum.”’ 
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| Gastroesophageal Reflux Glyn G. Jamieson and Andre Dur- 
anceau. 296 pp. Philadelphia: W. B. Saunders Co. 1988. $49.00. 


SOUTHERN AUSTRALIA and eastern Canada provide the editors 
for this 15-year revision of the monograph Gastroesophageal 
Reflux and Hiatal Hernia. Two items are of note in this state- 
ment. First, because it is so unusual for co-editors to perform 
their work from opposite ends of the world, the collaberation 
of the editors of Gastroesophageal Reflux certainly provides clear 
evidence of the excellent status of international surgery. Second, 
the title has changed, excluding the words “hiatal hernia.” Until 
approximately 15 to 20 years ago, it was common to focus at- 
tention on the sliding hiatus hernia when this anatomic variable 


was considered the sine gua non in terms of the diagnosis and ° 


treatment of gastroesophageal reflux. Although today, the hiatal 
hernia, if present, is not ignored, through advances in diagnostic 
capabilities, we now focus more attention on the physiologic 
aspects of the esophagus and its sphincters. Endoscopy, ma- 
nometry, 24-hour pH testing, acid clearance from the esophagus, 
and radionuclide assessment are but a few of the techniques 


recently perfected that have allowed a diagnosis of pathologic 


gastroesophageal reflux. Using these techniques, all of us who 
are interested in helping individual patients can construct a 


treatment plan, medical or surgical, nearer to perfection than’ 


was possible two decades ago. 

The eleven contributors—two of whom are from the Harkins 
School of Experimental Surgery in Seattle, as am I—succinctly 
bring this subject into current perspective. Nevertheless, in an 
attempt to be all-inclusive, outmoded diagnostic tests, such as 
roentgenographic demonstration of barium reflux and the acid 
perfusion test, are allotted more space in the text than is war- 
ranted today. Similarly, the sections detailing the Allison repair 
and certain gastropexies perhaps ought to have been excluded. 
From a historical point of view, however, the inclusion of these 
procedures in the text is probably justified. 

On the subject of history, I was pleased to find reference to 
Beck and Carrell as the first to suggest and use in dogs a neo- 


esophagus composed of a gastric tube from the greater curvature. 


Reference to this work rarely is found in the literature. However, 
in the discussion of jejunal interposition for repair of distal 
esophagus destroyed by gastroduodenal reflux, the original work 
of Merendino is ignored. 

Technically, the publishers have produced a fine book. It has 
the appearance of the famed Clinics series in size, type, and use 
of line drawings. The copy-editing is of good quality. A rather 
prolonged search found nary a misspelled word or name. 

Gastroesophageal Reflux is an excellent reference work. Al- 
though it does not contain sufficient details relative to diagnostic 
and operative methods, by the very nature of its broad and up- 
to-date review, the monograph can be considered a “must” 
primer for all those beginning the arduous but exciting search 
for precise and accurate information concerning gastroesopha- 
geal reflux. 


LLOYD M. NYHUS, M.D. 
Chicago, Illinois 


Trauma Surgery Joseph A. Moylan. 600 pp. Philadelphia: J. B. 
Lippincott Co. 1988. $79.50. 


TRAUMA SURGERY, by Joseph A. Moylan, M.D., Professor of 


. Surgery and Chief of the Trauma Service at Duke University 


Medical Center in Durham, North Carolina, will, I predict, be 
a valuable addition to the library of both residents and practicing 
surgeons. As noted in the Preface by Dr. Moylan, “Current at- 
tention of trauma care has returned to surgical practice and 
techniques.” This book describes the basics of surgical manage- 
ment of patients, and focuses on both the breadth and depth of 
trauma Care. 

The book is logically divided into 20 chapters that evolve 
through expected topics, such as initial assessment through shock 


and organ system injury. The book is more than just a text 


describing methods of management of a variety of injuries; it 
deals with the mechanisms of organ failure as they apply to the 
different anatomic entities. 

The references in each chapter are complete and carefully 
referenced. Moreover, the series and experiments that have re- 
sulted in change in therapy are identified by author as well as 
referenced, making the book easy to read. The arrangement of 
the chapters allows the experienced surgeon, the trauma spe- 
cialist, and the neophyte exposure to the author’s assessment of 
the available literature in each area. The carefully selected ref- 
erences make possible further individual interpretation of the 
literature. 

Many chapters have dabectioni written either by identified 
experts or by residents. These subsections give the book the added 
dimension of a critique of the content, ranging from the per- 
spective of an experienced trauma surgeon to that of a learner 
in the field. 

The balance in the book is exceptionally good. Although the 
authors emphasize that a return to a surgical perspective is the 
aim of the book, they have not neglected the other essentials of 
trauma surgery. Appropriately, the sections on prehospital eval- 
uation, with discussion of injury severity scores, field triage, and 
hospital control are concisely but comprehensively treated. In 
addition, the authors discuss important supportive tools for the 
care of patients, such as intravenous nutrition and critical care 
management in a concise, yet complete, fashion. 

I believe this book will prove useful for many years to come. 
In one sense, it represents a maturing of the field of trauma, 
which is taking its place as a major dimension of surgical practice. 
This book and others similar to it that have been published 
during the past year, being written by experts who are mid-career 
and assuming positions of responsibility in surgery, represent 
the scholarship of the field. 


GEORGE F. SHELDON, M.D. 
Chapel Hill, North Carolina 


Cost-Effective Surgical Management Ben Eiseman and LeRoy 
Stahlgren. 336 pp. Philadelphia: W. B. Saunders Co. 1987. 
$44.95. 
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BY REVIEWING THE PRINCIPLES of cost-benefit analysis as applied 
to clinical surgical practice, the authors have sought to create 
with this volume a book that will be of value to surgeons and 
health economists. As such, they have produced a valuable, albeit 
somewhat uneven book. 

Fifty-seven individuals contributed to the volume. The book 
is divided into five sections, including general considerations, 
diagnosis, therapy and management, operations, and conclu- 
sions. Within each section, the chapters are presented as brief 
commentaries of numerous topics. The chapters on the costs of 
consultation and of transferring patients from rural care settings 
to regional medical centers are quiie thoughtful and unique. 
Also quite excellent is a review by Civetta and Hudson-Civetta 
on the cost-effective use of the intensive care unit. Detracting 
from the overall attractiveness of the book were a few too many 
chapters that simply recited an author’s routine approach to a 
clinical problem. A clinical routine does not necessarily yield 
cost-effective care, especially in the absence of data justifying 
such recommendations. On the other hand, these chapters made 
for fascinating reading in light of what they implicitly reveal 
about the working philosophy of these contemporary surgeons 
as they reflect upon the use of resources of surgical care today. 

This book adds to the series of books by Eiseman in his search 
to bring a decision-analytic perspective to surgical care. In doing 
so, he and Stahigren have created a benchmark for future works 
of this type. The book acknowledges that we are not yet into 
the era in which delivering cost-effective care is a science. While 
reading this book, one senses again and again that, not only do 
we need to apply better science to our practice patterns, we also 
need a working ethic of discipline and pride in delivering efficient 
and effective surgical care. Too often, limiting legal exposure is 
used as an easy justification for wastefulness. It is one thing to 
know how to safely save resources, but it is another to put this 
knowledge into practice consistently. 

Throughout the book, the central theme is that clinical acumen 
drawn from a careful history and physical examination can save 
a great deal of money. Cost-Effective Surgical Management will 
be a valuable addition to the libraries of a wide variety of readers, 
and should help convince us that we all have much to learn 
about this pressing topic. 


DON E. DETMER, M.D. 
Charlottesville, Virginia 


Organ Transplantation and Replacement G. James Cerilli. 
600 pp. Philadelphia: J. B. Lippincott Co. 1988. $95.00. 


THE AREA Of organ transplantation is rapidly changing. Although 
there have been many reports on basic or single organ clinical 
observations in transplantation, it has been some time since there 
was a comprehensive text updating this field. Organ Transplan- 
tation and Replacement does just this in a comprehensive and 
cohesive text. Because studies in the basic laboratory have almost 
immediate impact on clinical transplantation, it is appropriate 
that the first third of the book is devoted to immunologic con- 
siderations in transplantation. This section deals with the normal 
immunologic response as well as the pathophysiologic response 
of transplant rejection. The impact of polyclonal or monoclonal 
antigens and donor-specific antigens, as well as of various phar- 
macologic agents, such as cyclosporine, on this process are fully 
discussed. The adverse effect of sensitization of the potential 
recipient and its consequent implications for the transplant organ 
are discussed in detail. Clinical transplantation is treated in the 
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latter two thirds of the book, with approximately one third being 
devoted to renal transplantation. Although renal transplantaticn 
has been the cornerstone for the advances in extrarenal organ 
transplantation, there is, however, redundancy and overlap in 
the 20 chapters on renal transplantation. The remaining chapters 
discuss all of the clinically transplantable organs. A special section 
on artifical organ replacement is included, with particular focus 
on the artificial heart. In addition, ethical and legal aspects of 
this highly charged area are also treated. Of note is the minimal 
reference to xenotransplantation, which, it is hoped, will occupy 
a clinical role in transplantation of the future. 

Although transplantation continues to be a highly specialized 
area, its impact on medicine continues to expand, and it is €x- 
pected that all physicians will have some contact with the trans- 
plant patient in the future. This is particularly true now that 
transplantation is not primarily limited to the kidney, but in- 
cludes virtually any failing organ. For this reason, it is important 
that this text be available to all physicians treating the transplant 
patient, and that it be a part of the library of all those directly 
involved in the care of these patients. 


M. WAYNE FLYE, M.D., PH.D. 
St. Louis, Missourt 


Hardy’s Textbook of Surgery, 2nd ed. James D. Hardy.. 
1408 pp. Philadelphia: J. B. Lippincott Co. 1988. $49.50. 


THE SECOND EDITION of Hardy’s Textbook of Surgery addresses 
an audience of “medical students, surgical residents taking in- 
training examinations and boards and more advanced surgeons 
seeking a quick and current update on specific surgical subjects.” 
This audience has been well served by Dr. Hardy’s text. It is 
concise yet complete; the pathophysiology of disease processes 
are thoroughly presented and the surgical treatments are suc- 
cinctly summarized with acknowledgement of differing methods 
of therapy. 

Throughout the text, the direction and the sure hand of the 
editor are quite apparent. The principles of surgery and the bi- 
ologic basis of disease and therapies are emphasized without 
duplication or needless detail concerning conflicting theories. 
The illustrations and tables are superb; they clarify and present 
a meaningful graphic supplement to each subject. Throughout 
the text, shaded emphasis boxes are used to summarize and to 
project the “essence” of each section. 

The last chapter, by Drs. Hardy and Gerken, is an instructional 
gem for the house officer. Preoperative and postoperative orders 
and the management of the postoperative patient are presented 
in a logical and terse fashion by experienced surgeons who know 
how to take care of patients and how to identify, and more 
importantly, how to avoid, trouble. 

The reference list for each chapter is, again, succinct. It con- 
tains original source material as well as recent major contribu- 
tions in each area. The text is a compact 1300 pages, and at the 
price of $49.50, is a bargain that young surgeons should be en- 
couraged to accept. 


GEORGE E. BLOCK, M.D. 
- Chicago, Illinois 


Surgical Infectious Diseases, 2nd ed. Richard J. Howard and 
Richard L. Simmons. 913 pp. East Norwalk, CT: Appleton & 
Lange. 1987. $159.00. 
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THIS LARGE VOLUME represents an attempt on the part of the 
editors to bring together, in one place, the full spectrum of the 
biology and clinical practice of surgical infectious disease. By 
and large, the volume succeeds in its mission. The second edition 
pursues the same organizational format as the first. The volume 
opens with a very detailed consideration of bacteriology. Sub- 
sequently, host defenses, systemic responses to infection, and a 
detailed overview of the biology of surgical wound infection are 
considered. This is followed, in sequence, by a series of chapters 
in which “regional surgical infections” are considered. There 
are three chapters of special interest at the close of the book. 
These chapters deal with the problems of tetanus, infection in 
the immuno-compromised host, and burns. The format of each 
of the chapters 1s easy to understand and the material, in general, 
is presented clearly. The illustrations of most of the chapters are 
quite good. However, some of the authcrs use extraordinarily 
complicated diagrams in an attempt to demonstrate a unifying 
hypothesis for certain pathophysiologic phenomena, such as the 
hyperdynamic phase of septic shock. Unfortunately, these dia- 
grams are difficult to follow. 


The particular strengths of this volume include its chapters . 


on peritoneal infection host defenses, systemic responses to in- 
fections, and the entire section reviewing bacteriology. Despite 
its great strengths, I found it somewhat disappointing that im- 
portant clinical problems related to infection are not discussed 
in any single part of the volume. Examples of these are ICU- 
related pneumonias and the management of hospital outbreaks 
of methicillin resistent Staphylococcus aureus. 

All in all, the volume is an extraordinarily valuable source. 
Like all such endeavors, the contributions are not of entirely 
consistent quality; nevertheless, it is my opinion that this volume 
comes closer than any large surgical volume at achieving con- 
sistency. Those clinicians interested in surgical infection will 
find many of the chapters stimulating and of high quality, in 
keeping with the important contributions that the editors have 
made to our understanding of the biology of infection in surgical 
patients. I would strongly recommend this volume as an im- 
portant reference work. 


LEWIS M. FLINT, JR., M.D. 
Buffalo, New York 


Benign Esophageal Disease, Vol. 3 in the series International 
Trends in General Thoracic Surgery Tom R. DeMeester and 
Hugoe R. Matthews. 385 pp. St. Louis: The C. V. Mosby Co. 
1987. $68.50. 


THIS IS THE THIRD volume in the series International Trends in 
General Thoracic Surgery, and it is excellent. The format estab- 
lished in the first two volumes has been continued; Benign 
Esophageal Disease consists of contributions from many authors 
interspersed with critical comments and discussions by other 
contributors, often at odds with the authors. This is consistent 
with the hope—well-expressed in the pungent foreword by Dr. 
DeMeester-——-that in using this approach, perhaps the truth will 
more readily be discernible. It certainly makes for interesting 
reading. 

The list of contributors reads like a “Who’s Who” in the man- 
agement of benign diseases of the esophagus, with contributions 
from experts on both sides of the Atlantic. 

The subjects covered include normal and pathophysiology, 
as well as diagnostic methods, with emphasis on the more recent 
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advances. This latter section is especially informative and well- 
illustrated. 

The sections on reflux problems, appropriately covering nearly 
half of the volume, review current thinking in this complex area, 
and highlight continuing controversies. Within the bounds of 
gentlemanly discourse, no holds are barred. The result is an 
enlightening symposium on the diagnosis and management of 
gastroesophageal reflux disorders and their complications by 
nearly two dozen experts with widely different biases, both ex- 
pressed and unspoken. The management of failures of previous 
operations for gastroesophageal reflux receives special attention, 
as does reflux in children. Barrett’s esophagus and reflux strictures 
are aiso considered. 

There are also sections on the surgical management of caustic 
strictures and drug-induced esophageal injuries. Motility dis- 
orders are discussed in a fifth section, moving in reverse order 
toward the upper esophagus. The final section deals with pha- 
ryngeal and hypopharyngeal disorders. 

Throughout this volume, the multiple attempts to present 
problems and solutions from more than one point of view are 
commendable. This may be disquieting for the uninitiated, but 
much more reflective of the real world. For the practicing cli- 
nician, and especially the general thoracic surgeon, this is a valu- 
able book, both entertaining and instructive. 


TIMOTHY TAKARO, M.D. 
Asheville, North Carolina 


The Diabetic Foot, 4th ed. Marvin E. Levin and Lawrence W. 
O’Neal. 364 pp. St. Louis: The C. V. Mosby Co. 1988. $62.00. 


THIS IS THE FOURTH edition of The Diabetic Foot, the first edition 
having appeared in 1973. The cost of diabetic care in the U.S. 
is about 14 billion dollars, and the hospital costs for amputation 
are about 1.2 billion dollars. 

Chapter | provides an excellent overview of the pathophysi- 
ology of the diabetic foot. The role of platelet aggregation and 
adhesiveness in causing large and small vessel occlusion is dis- 
cussed, as are the effects of anti-platelet agents. Risk factors in- 
volved in the development of peripheral vascular disease (PVD) 
are defined, and their role is explored. The results of various 
tests, such as those provided by the vascular laboratory, are dis- 
cussed, along with the indications for vascular surgery. The 
problem of diabetic neuropathy is another major focus of this 
chapter, including etiology, signs, symptoms, and treatment. 

Chapter 2 concerns the newer concepts of the pathogenesis 
of atherosclerosis in diabetes mellitus (DM). The theory posed 
in this chapter includes the idea that the initial lesion is monocyte 
adherence to endothelium with subendothelial aggregation of 
monocytes and macrophages. Platelet adhesion may follow, and 
potent growth factors are released. These, in turn, stimulate 
growth and migration of vascular smooth muscle cells. The role 
of lipids and prostacyclins is also discussed, as well as the role 
that each may play in the development of the atherosclerotic 
lesion. 

Chapter 3 evaluates the role of viscosity and blood flow (he- 
morrheology). Macro- and microhemorrheology and the role 
that each may play in peripheral ischemia are discussed. 

Further discussion of neuropathy, including new concepts of 
etiology and treatment, comprise Chapter 4. 

The development of diabetic foot ulcers is thoroughly reviewed 
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in Chapter 5 and should be read by anyone who treats the diabetic 
patient. 

Chapter 6 provides a discussion of the role of mechanical 
stress on soft tissues, and the circumstances that lead to ulcer- 
ation. 

Infection in the diabetic foot often spells the end of a functional 
foot and leads to amputation. Because the foot is frequently 
neuropathic, infection may remain unnoticed until it is too late. 
Careful evaluation of the foot on a daily basis is highly important 
to the diabetic, but is so often neglected by physicians and pa- 
tients. Chapter 7 provides an excellent review of this problem. 

Chapter 8 explores the noninvasive methods available for 
evaluating PVD and interpreting the results. The differences in 
diabetic and nondiabetic patients are discussed, as well as some 
of the pitfalls in the use of noninvasive techniques. 

A well-illustrated and informative discussion of imaging the 
diabetic foot is the basis of Chapter 9. This includes standard 
radiographs, computed tomography, radionuclide scintigraphy, 
xeroradiography, and magnetic resonance imaging. The value 
and use of each modality is discussed in enough detail to allow 
the reader to develop a feel for the usefulness of each. 

In Chapter 10, the surgical approach to the vascular occlusive 
disease is discussed with statistical results, surgical techniques, 
and appropriate angiograms. 
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The use of balloon dilatation of arterial stenosis is discussed 
in Chapter 11. This approach is still somewhat new, but 1s being 
attempted more frequently in numerous centers. There is need 
for data as to success rates, complications, and duration of suc- 
cessful dilatation before the role of this technique can be fully 
established. 

The anatomy and pathology of the diabetic foot is considered 
in Chapter 12. This chapter provides an excellent review of the 
anatomy of the foot, and the various pathologic lesions that 
occur in the diabetic foot. 

The remaining seven chapters deal with various aspects of 
treatment: amputation, rehabilitation, the role of the podiatrist, 
the use of contact casting in the management of neuropathic 
ulcers, the use of proper footwear, methods of medical man- 
agement, and finally, how to start a diabetic foot center. This 
well-written book is based on a vast experience in the manage- 
ment of the diabetic foot. It is well-illustrated and supported by 
an excellent bibliography. It should be on the shelf of every 
physician who deals with diabetic patients, and should be read 
frequently. 


JOHN H. Davis, M.D. 
Burlington, Vermont 


Letters to the Editor 


December 16, 1987 
Dear Editor: 


Physicians interested in the delivery of critical care in Canada 
have followed with intense interest the evolution and eventual 
fragmentation of the specialty in the United States. The recent 
editorial and editorial reviews by Drs. Weigelt, Sheldon, and 
Griffen have, to a certain extent, addressed some of the dilemmas 
now facing surgeons practicing critical care in the United States. 

These editorial reviews have concisely summarized the central 
role that surgeons and surgical care have played in the evolu- 
tionary development of specialty units. We wholeheartedly sup- 
port the major philosophical thrust of their statements, in that 
critical care must remain an integral part of the surgical knowl- 
edge tree. Additionally, surgeons engaging in the practice of sur- 
gical critical care- must continue to be operative surgeons, and 
hence require and deserve ongoing support from their respective 
departments of surgery, as would any surgical staff member en- 
gaging in subspecialty practice after appropriate training. We 
recognize the unique challenge faced by nonacademic surgeons 
that often necessitates an attitude and system of “‘shared clinical 
care responsibilities” for critically ill surgical patients. However, 
even under these circumstances, we believe the operative surgeon 
must still be the patient’s primary physician. 

In these otherwise excellent editorial comments, we must take 
exception to remarks by Drs. Sheldon and Griffen regarding 
Canadian surgeons “who have more experience with ICUs than 
American surgeons and have become comfortable as have sur- 
geons in the United Kingdom with anesthesiologists dominating 
the ICU.” We feel that the evolution of critical care in Canada 
has demonstrated a clear leadership role for surgeons in critical 
care. An unbiased attitude toward surgeons who wish to pursue 
a career in ‘surgical critical care” is supported nationally. In 
this regard, the Royal College of Physicians and Surgeons of 
Canada has recently approved the program of critical care med- 
icine through a process of “accreditation without certification.” 
The educational objectives for this program evolved through a 
major and ongoing cooperative effort of the traditional “vertical 
specialties” (anesthesia, medicine, pediatrics, and surgery). Built 
into this training program are appropriate specialty training 
slants, such that surgeons may continue to be operative surgeons 
and yet practice equally within the environment of the Intensive 
Care Unit. As Dr. E. G. King points out in a recent article on 
Canadian Critical Care, the unique aspect of the training program 
in Canada is that “turf issues related to paper-base perogatives 
and financial considerations that lead to fragmentation of patient 
care, resident training and the global hospital dollar are unlikely 
to occur.”! At the present time in Canada, many surgeons are 


currently involved in the day-to-day management of critically 
ill patients. As surgeons, we must continue to act as role models 
for our residents and provide enhanced educational experiences 
and research initiatives, and hold administrative positions that 
will allow us to compete successfully with our nonsurgical col- 
leagues and avoid the prejudice of seeing the surgeon merely as 
a technician. 

M. J. GIROTTI, M.D., F.R.C.S.(C) 

P. W. WALKER, M.D., F.R.C.S.(C) 

T. R. Topp, M.D., F.R.C.S.(C) 

G. A. PATTERSON, M.D., F.R.C.S.(C) 

Toronto, Ontario, Canada 
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March 15, 1988 
Dear Editor: 


The letter from Drs. Girotti, Walker, Todd, and Patterson, 
co-directors of the respected Surgical Intensive Care Unit at To- 
ronto General Hospital, demonstrates a clear commitment to 
continued involvement of surgeons in the intensive care unit. 
They emphasize the difficulties faced by surgeons in the current 
climate of financial constraints, “turf battles,” and fragmentation 
in maintaining a presence in the intensive care unit. 

The authors seem to concur with the thrust of our editorial, 
with the exception of the statement found in the second para- 
graph of page 812 of our editorial (published in December 1987) 
after Dr. John A. Weigel’s article, “A Future for Surgical Critical 
Care?” 

Certainly, we defer to the judgment of Dr. Girotti and others 
who are close to the Canadian situation. Our editorial pointed 
out that “unfortunately, available data describing the surgeons’ 
role in the intensive care unit are not extensive.” The Association 
of Academic Surgery published a survey in the Journal of Surgical 
Research in 1981.' Table 1 of that manuscript is reproduced 
below, which concluded, “Compared to institutions in the United 
States, Canadian schools had a significantly higher incidence 
other than the operating surgeon assuming control.” 

Since the publication of Weigel’s article, a strong statement 
has been published by Robert H. Demling, Associate Professor 
of Surgery at Harvard Medical School and Chairman of the 
American College of Surgeons Pre- and Postoperative Care 
Committee.” Dr. Demling’s article reiterates the need and dif- 


TABLE 1. Administrative Control of Surgical ICU' 


Surgery 

Surgery + anesthesiology 
United States 51 (53)* 17 (18) 
Canada 3 (23) 4 (31) 


Note: Comparison of the seat of administration control of surgical 
intensive care units between academic institution in the United States 


Anesthesiology Medicine Other 
8 (8) 6 (6) 14 (15) 
2 (15) 3 (23) I (8) 


and Canada. Numbers in parentheses are percentages. 
* p < 0.02 when surgery is compared to all others. 
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ficulty for the modern surgeon to maintain primary responsibility 
for his or her patients within the critical care environment. He 
points out that the number of surgical patients in intensive care 
units exceeds the number of medical patients; however, less than 
25% of available critical care fellowships are directed by a sur- 
geon. He further notes that a large number of surgical patients 
are treated in the intensive care unit, where no surgeons are 
present in any leadership capacity. The absence of the surgeon 
in the intensive care unit appears to reflect a waning commitment 
in this area. Dr. Demling’s article comments further on the cer- 
tification process and concludes that it will strongly influence 


medical control of the critically ill patient. At the present time, ~ 


350 surgeons have applied for and taken the American Board 
of Surgery examination required for recognition of added qual- 
ification in surgical critical care. Over 3000 internists applied 
for the first certification examination offered by the American 
Board of Medicine. Ironically, with most intensive care unit 
patients being surgical and most individuals applying for certi- 
fication in critical care being internists, one is reluctantly lead 
to the conclusion that at least some of the internists will be 
assuming responsibility for the surgical intensive care unit pop- 
ulation. 

The statement of the authors and Dr. Weigel’s previous com- 
ments reflect the determination of surgeons to remain active in 
the care of their patients in this important “Essential of Surgery.” 


GEORGE F. SHELDON, M.D. 
Chapel Hill, North Carolina 
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February 26, 1988 
Dear Editor: 


This letter is a response to the article entitled “An Access- 


oriented Negotiated Fee Schedule: The Caterpillar Experience”. 


by Richard H. Egdahl, M.D. and Robert D. Hertenstein, M.D. 
published in the September 1987 issue of Annals of Surgery. 
The relative value scale payment system imposed by Caterpillar 
in the Peoria area was apparently developed by Drs. Egdahl, 
Hertenstein, and others as a competing system with the Harvard 
University relative value scale presently being developed. It ap- 
pears that the Caterpillar Preferred Provider Organization is being 
misrepresented in this article as a real example of the effective 
operation of this Degree of Difficulty Relative Value Scale 
(DODRVS). The fact is the DODRVS was never formally ne- 
gotiated with a majority of the surgeons or physicians in Peoria, 
and runs contrary to the local preference for individual fee-for- 
service remuneration. 

The plan described in this article is a unilateral plan developed 
by a major industrial corporation to control medical care costs 
and physicians’ fee structures in Peoria as well as in the Com- 
pany’s extensive national arena. In discussing this issue with 
most of the surgeons in Peoria, several discrepancies between 
the article and reality surfaced. 

Although the plan may exist at the current time, it is a uni- 
laterally imposed fee structure that has not been universally en- 
dorsed by the general surgeons, other specialists, primary care 
physicians, or the Peoria Area Physicians Association, which 
represents the majority of physicians in the Peoria area. The 
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assertion that this Caterpillar plan was negotiated is extremely 
misleading. In fact, only a few surgeons were shown fee schedules 
and profiles by Caterpillar representatives. These surgeons later 
recognized that they had not had an opportunity to study fee 
schedules in depth at all, nor had they compared a complete list 
of proposed surgical CPT codes against their own fees. The fee 
schedule was then proposed to other surgeons—usually individ- 
ually or in small groups of two or three surgeons who practiced 
together as partners—in the following manner: since Physician 
A accepted this plan, it would be appropriate for Physician B to 
accept it, as well. This technique was successful in gaining for 
Caterpillar, Inc. a quiet initial acquiescence of the local surgical 
community to the Caterpillar fee schedule proposal. 

The actual numbers assigned to the DODRVSs, the multi- 
pliers, and the bundling technique used by Caterpillar were ar- 
bitrary and incompletely discussed with the local surgical com- 
munity. In fact, one of the largest surgical groups in Peoria was 
never approached by Caterpillar at all concerning this plan before 
its implementation. In addition, it appears that, depending on 
the economic situation of various plants around the country 
and the initial hesitancy of some surgeons in Peoria to work 


. with the Caterpillar plan, the company adjusted its multipliers 


to pay some surgeons more than others for the same procedures. 
This article also was the first notification to Peoria surgeons 
regarding the fact that Caterpillar rebundles 30-40% of charged 
surgical fees to lower the overall amount of the bill the company 
must pay. When Peoria physicians challenged Caterpillar’s claim 
that 30-40% of the surgical bills submitted were improper, the 
company refused to let these bills be reviewed by a local physician 
committee. In addition, presumably as an enforcement tech- 
nique, the company would send a letter to the physician and 
the patient whenever a charge was more than that approved by 
Caterpillar’s own fee schedule. This letter informed the physician 
and the patient that the charged fee was too high and that the 
company would “hold harmless” the patient in any fee dispute 
with the physician. The company would also pay for any legal 
expenses for the employee/patient if the physician were to pursue 
collection via legal proceedings. To the best of our knowledge, 
Caterpillar has never won such a court case in Peoria, but this 
technique has been intimidating to many practictioners who 
cannot afford the time required to pursue these kinds of claims 
disputes through the court system. 

We are informing the Annals of Surgery and its readers that 
this article presented only one side of the Caterpillar story and 
certainly not the reality of the Peoria situation. Surgeons in Peo- 
ria, as well as all other physicians, are concerned about the cost 
of medical care. Peoria-area physicians have been extremely 
conscientious about utilization review and medical care costs 
and, by Caterpillar’s own admission, our fees are well below 
those of similar communities in the Midwest. In addition, Peoria- 
area physicians, as a whole, voluntarily froze fees for at least 3 
years during Caterpillar’s economic problems in the early 1980s. 
We are more than willing to work with Caterpillar, Inc. to ne- 
gotiate mutually agreeable working relationships for the delivery 
of quality health care services. We believe joint and mutual co- 
operation will be beneficial to everyone involved. The “Access- 
oriented Negotiated Fee Schedule” as described by Drs. Ezdahl 
and Hertenstein was not a product of such mutual negotiated 
effort and has not “played well in Peoria.” 


JAMES W. BAUER, M.D. 
THOMAS G. CASSIDY, M.D. 
JAMES R. DEBORD, M.D. 
ROBERT D. HART, M.D. 
RICHARD H. LEE, M.D. 
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JAMES E. MAHER, M.D. 

CHARLES E. MONTGOMERY, M.D. 
GWYNNE K. NEUFELD, M.D. 
ROBERT J. RIVAN, M.D. 

CARL W. SODERSTROM, M.D. 
THOMAS A. WEBSTER, M.D. 
Peoria, Illin3is 


April 13, 1988 
Dear Editor: 


We appreciate the chance to set the record straight and com- 
ment on the letter of Dr. James E. Maher and associates regarding 
our paper, “An Access-oriented Negotiated Fee Schedule: The 
Caterpillar Experience.” The many misleeding statements in the 
letter from the Peoria. Area Physicians Association (PAPA) will 
be discussed. Especially unfortunate is the tone of the letter, 
which reveals a lack of understanding about the direction of 
` changes in surgical reimbursement. Firstly, we will clarify the 
Peoria situation: 


1) The Caterpillar (CAT) fee payment method described 
in our article refers only to surgical fees and has been 
in use for several years. It was not developed to compete 
with the resource-based RVS of Harvard, which is cur- 
rently being developed. It antedates Caterpillar’s partic- 
ipating provider program, as well as PAPA. 


2) The CAT method of paying surgical fees is working, as’ 
shown by satisfied CAT employees and their families 
who have been treated by local surgeons. 


3) CAT’s methods of paying surgical fees were not formally 
negotiated with Peoria surgeons as a group, a procedure 
which could be challenged on anti-trust grounds. If a 
locally dominant group of physicians decides to fix fees, 
that is clearly a violation of anti-trust law. If a large but 
not dominant purchaser such as CAT negotiates fees 
with individual surgeons, there is little potential for anti- 
trust violation. 


The letter states that the CAT method of paying surgical 
fees runs contrary to local preference Yet if local pref- 
erence is for the status quo, this position is unacceptable 
as future reimbursement policy to payers. 


5) The CAT method is based on surgical fees that are ac- 
ceptable to a majority of local surgeons. 


6) CAT adjusts a multiplier, and therefore also adjusts fees, 
in different areas to get access. If there is a surplus of 
surgeons, there may be lower fees; if there is a shortage, 
fees could be higher. 


4 
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7) CAT, working with the Boston University Health Policy 
Institute, has reconfirmed in three other corporations 
the finding that 35-40% of adjustments are appropriate 
in surgical claims. 


8) Very few cases are challenged by surgeons in court. Of 
those that have been challenged, which amount to ap- 
proximately a dozen per year, almost all of them have 
been won by CAT, with the support of local surgeon 
experts stating that the Caterpillar fee was reasonable. 
CAT has won two cases in Peoria during the past 3 
months. 


9) The reality of the Peoria situation is that Caterpillar 
Inc., as a responsible large local business, has developed 
a way to pay surgical fees that is market-oriented, with 
the twin goals of achieving high-quality surgical coverage 
for CAT employees and their families at a reasonable 
cost. Only two of the physicians who signed the letter 
from PAPA are surgeons, and they represent the view- 
points of only a fraction of Peoria’s surgeons. 


Large payers, such as government and industry, are not going 
to continue paying surgical fees on the basis of past precedent, 
because of the large unexplainable regional and specialty vari- 
ations in the amounts of those fees. Fee schedules will be de- 
veloped, based on one of two fundamentally different and prob- 
ably incompatible approaches. One such approach has the major 
goal of gaining access to a majority of local high-quality surgeons, 
with the secondary goal of not paying more for those services 
than market forces require (access-oriented negotiated fee 
schedule). The other approach has the major goal of income 
redistribution from surgeons and other physicians who perform 


` procedures to other physicians whose clinical activities do not 


involve procedures (resource-based relative value scale). An up- 
dated summary of contrasts between these two approaches is 
given in Table 1. 

The basic question is not whether a change will occur in the 
methods of paying surgical fees by large purchasers, but rather 
what form that change will take. We believe that adaptation of 
the access-oriented negotiated fee schedule that has been used 
in Peoria, and many other parts of the country where CAT has 
a concentration of employees, is preferable to a resource-based 
relative value scale, which is fundamentally a formulaic, time- 
oriented research study, the application of which will either result 
in Overpayment for services that could be obtained for less, or 
will underpay and therefore create access problems when there 
is a shortage of surgeons who will accept the designated payment. 

Thanks for the opportunity to set the record straight. 


RICHARD H. EGDAHL, M.D. 
Boston, Massachusetts 

ROBERT D. HERTENSTEIN, M.D. 
Peoria, Illinois 


TABLE 1. Essential Features of Two Contrastive Methods for Reimbursing Surgical Fees 


Resource-Based Relative Value Scale 


Goals Redistribution of income from physicians who do procedures 
to those who don’t, based on “resource costs” required to 
provide services, No: related to reality of marketplace. 

Methodology Complex formula determines RBRVS; time is a major 
determinant. Not clear how will be translated into a fee. 

Application Continual changes will be needed in many fees at regional 


levels to get access; some fees will be more, and some less, 


than needed for access. 


Access-Oriented Negotiated Fee Schedule 


Access to a wide range of quality surgeons and 
cost containment by payment of market- 
oriented fees. 


Negotiate fees for some of the most frequently 
performed services in regions as basis for 
creating fee schedule. 


In routine use, CAT’s patients are given care 
by well-qualified local surgeons who will 
accept the negotiated fee. 
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February 16, 1988 
Dear Editor: 


We read with interest the article on “Treatment of Derma- 
tofibrosarcoma Protuberans with Mohs Micrographic Surgery” 
in the January 1988 issue of Annals of Surgery. The authors 
suggest a method of micrographic control that is well known to 
us and which, in our view, is cumbersome, time-consuming, 
and expensive. 

Careful frozen-section control by an experienced surgical pa- 
thologist offers determination of tumor-free margins with respect 
to the depths and periphery, just as in Mohs surgery, yet in a 
fraction of the time. What is required is appropriate orientation 
of the specimen for the pathologist and a willingness to resect 
additional tissue generously when tumor margins are close. 

Perhaps where good frozen-section control is not available, 
Mohs surgery is an alternative. Otherwise, in our view, wide 

resection with thorough frozen-section control is preferable. 


We have seen many patients with recurrent tumor (not der- . 


matofibrosarcoma, with which we have little experience) after 
Mohs micrographic surgery. Regardless of the technique, tumor- 
free margins are the goal. We are not convinced that Mohs sur- 
gery offers better control than careful routine frozen-section 
technique, which is less time-consuming and less expensive. 


JOHN E. Woops, M.D. 
IAN T. JACKSON, M.D. 
Rochester, Minnesota 


April 21, 1988 
Dear Editor: 


Thank you for your letter of February 22, 1988, regarding the 
letter to the editor of Drs. Woods and Jackson concerning our 
article, ““Treatment of Dermatofibrosarcoma Protuberans with 
Mohs Micrographic Surgery.” We appreciate the opportunity 
to be able to respond to that correspondence. 

We believe that there are two important points to be made. 
The first relates to the manner in which standard frozen-section 
margin control is achieved by surgical pathologists versus the 
manner in which margin control is achieved by horizontal frozen 
sections in the Mohs micrographic surgery laboratory. In the 
standard surgical pathology frozen-section processing of tissue, 
vertical sections are obtained that usually measure approximately 
8-10 micra in thickness. If several of these are prepared from a 
“critical” marginal area of the excision specimen, it is equivalent 
to looking at a random number of individual slices of bread 
from an entire loaf. If the specimens so viewed show tumor, 
then the margins are considered positive. However, although 
the sections viewed may show no tumor, other remaining areas 
of the “loaf” may still have tumor at the deep or lateral margins. 
It is probably true that this methodology could provide total 
microscopic control, but only if the entire specimen is sectioned 
serially. This is an enormous task since a l-cm long piece of 
tissue sectioned into 10 micra slices would require the prepa- 
ration and reading of 1000 individual specimens. Thus, total 
microscopic control by standard surgical pathology methods is 
a relative term at best. 

In the Mohs micrographic surgery laboratory, on the other 
hand, the deep and lateral edges of the specimen(s) are first flat- 
tened out into a single plane. The tissue is then oriented on the 
microtome after freezing in such a way that a horizontal section 
is taken through this plane so that, in effect, one specimen pro- 
vides truly total microscopic control of the entire deep and lateral 
margin surface. Naturally, if the surgical specimen is large, it 
may have to be divided into a number of pieces for processing, 
but these are relatively few in number compared with the huge 
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volume of slides that would have to be prepared by the classical 
method. Moreover, this method, indeed, gives true complete 
total margin control. 

Furthermore, a number of prominent surgical pathologists 
who have had exposure to and experience with the Mohs method 
have commented that this method, in both theory and practice, 
provides much more accurate margin control with far less pro- 
cessing time involved than would be the case in their laboratories. 
It is therefore difficult to see how Drs. Woods and Jackson can 
defend their viewpoint that standard methods provide equal or 
better control and are less cumbersome and time-consuming. 

The second point to be taken up deals with the last paragraph 
of their letter, relating to recurrent tumors that they have seen 
after Mohs micrographic surgery. Certainly no one practicing 
the Mohs method has ever implied cure rates of 100%. However, 
large studies from a number of prominent institutions through- 
out the United States have repeatedly shown cure rates for basal 
cell carcinoma and squamous cell carcinoma of the skin to be 
far higher with Mohs micrographic surgery than with any other 
method, This differential becomes even more impressive when 
the tumors considered are limited to recurrent tumors or to 
those located in embryonic fusion planes. Therefore, the fact 
that an occasional tumor recurs after Mohs micrographic surgery 
should not in any sense impugn the technique’s reliability in the 
broad sense. Furthermore, Drs. Woods and Jackson have made 
no comment at all about the obvious success we and others have 
had in treating dermatofibrosarcoma protuberans with the Mohs 
micrographic surgical method. This is a tumor that is notoriously 
prone to recurrence after every type of surgical therapy, and yet 
in our series, we have not had a single recurrence. Many of our 
patients previously had undergone conventional surgical excision 
with “margin control” and had experienced recurrence within 
a relatively short time period. Thus, while Drs. Woods and Jack- 
son seem to have a bias against the Mohs micrographic surgical 
method, their arguments are more philosophic and perhaps based 
more on misconceptions than on solid factual material. 


PHILIP L. BAILIN, M.D., F.A.C.P. 
JOHN LOUIS RATZ, M.D., F.A.C.P. 
RANDALL J. YETMAN, M.D. 
JAMES E. ZINS, M.D. 

EDMUND R. HOBBS, M.D. 
Cleveland, Ohio 


February 29, 1988 
Dear Editor: 


Many articles describing the management of penetrating in- 
juries of the back have appeared during the last 10 years.’ Most 
of these publications, in fact, report experience of the treatment 
of stabwounds of the back, as does the article by Demetriades 
et al. entitled “The Management of Penetrating Injuries of the 
Back” in the January 1988 issue of Annals of Surgery. 

The authors analyse their experience of 230 patients with 
penetrating injuries of the back, stabwounds in 97% of cases and 
gunshot-wounds in 3% of cases. Most of the patients who sus- 
tained these particular kinds of wounds were put under obser- 
vation, and in 85% of cases, did not require surgical intervention. 

Of 35 patients who had signs of an acute abdomen at the time 
of admission and who were operated on immediately (15.2%), 
30 had serious intra-abdominal injuries; it is not specified in the 
article, whether the nine patients who had lesions of the colon 
and the one patient with lesion of the pancreas had injuries 
restricted to the retroperitoneum or communicating with the 
peritoneal cavity. The same doubt exists for five of the 195 ini- 
tially observed patients, who required delayed laparotomies. 
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The authors conclude that penetrating injuries of the back 
should be assessed in the same manner as those of the anterior 
abdomen, the physical abdominal examination being reliable in 
detecting significant intra-abdominal injuries. This conclusion 
may be misleading and dangerous unless it is clearly specified 
that it applies only to stabwounds of the back. The experience 
reported may not be applicable to penetrating injuries of the 
back caused by other wounding agents such as missiles. 

In 1985, I had the occasion to work near the Afghan border 
with the International Committee of the Red Cross and to treat 
Afghan war casualties.’ I treated 22 penetrating wounds of the 
back, associated with wounds of other parts of the body in 72% 
of the.cases and caused by missiles, among which, shelling in- 
juries were the most frequent seen. These wounds were associated 
with one spinal injury, three chest injuries, and seven intra-ab- 
dominal injuries. Associated injuries of the extremities or of the 
head and neck were observed in 14 cas2s. A debridement was 
performed in all cases; laparotomy was performed on seven oc- 
casions. Significant intra-abdominal lesions were observed in all 
seven of these cases. Intra-abdominal injuries included liver, 
diaphragm, small bowel, colon, bladder, and ureter. Indication 
for laparotomy was obvious after physical examination of the 
abdomen in five cases; a laparotomy was performed, despite 
normal abdominal palpation, in the two following cases: 


1) A 16-year-old boy was admitted tc the hospital 3 days 
after injury, presenting with high body temperature, 
tachypnea, and a suppurative wound of the back with 
crepitation of the surrounding tissues. Physical exami- 
nation of the abdomen showed no abnormality. Lapa- 
rotomy revealed a retroperitoneal perforation of the as- 
cending colon and a retroperitoneal gangrene. 


2) A 28-year-old man arrived at the hospital | day after 
injury. Besides the penetrating injury of the back, he 
had wounds of the legs. Palpation of the abdomen did 
not reveal any guarding. However, because of the di- 
rection of the wounding tract, assessed by digital ex- 
amination under narcosis, retroperitoneal perforation 
of the ascending colon was suspected and was confirmed 
during laparotomy. 


Penetrating injuries of the back surely deserve a special men- 
tion in war surgery, as well as in civilian surgery. The need for 
laparotomy must be assessed carefully, and negative findings on 
abdominal palpation do not always rule cut a hidden retroper- 
itoneal catastrophe. 

The lacerating, crushing, and blasting etfects of shells are cer- 
tainly different from the cutting effect of a knife. Very little is 
known about the evolution and possible spontaneous healing of 
a small retroperitoneal perforation of the colon caused by a stab 
wound. Differences between penetrating injuries of the back 
caused by various wounding agents might be explained by the 
difference in extent of the local injury more than by differences 
in the distribution of wounds in the retroperitoneum. 

It is well-established in war surgery that wounds of the back 
should be debrided before the abdomen is entered, in order to 
prevent the severe hypotension or cardiac arrest that may occur 
when the patient is turned to a prone position after laparotomy.° 
Digital examination of the wound tract may lead one to suspect 
retroperitoneal injury of the colon even if abdominal physical 
examination is normal. 

When close observation of the patient is not feasible, lapa- 
rotomy should be performed. The morbidity and mortality of 
a negative laparotomy is far less than the morbidity and mortality 
of missed injuries. 


PHILIPPE GERTSCH, M.D. 
Berne, Switzerland 
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April 18, 1988 
Dear Editor: 


We agree with Dr. Gertsch that penetrating injuries of the 
back should be managed with great caution. However, we main- 
tain that the cornerstone of management is selective conserva- 
tism. This entails frequent abdominal examination, preferably 
by the same surgeon, and frequent monitoring of the vital signs. 
If this is not possible, a laparotomy may be preferable. We accept 
that the initial physical examination may occasionally be inac- 
curate (5% in our series). However, any missed injuries should 
be identified during the subsequent clinical examinations. 

In Dr. Gertsch’s series of 22 patients, 15 were successfully 
managed without performing operations. What were the criteria 
for their selection? We are puzzled by the presentation of one 
of Dr. Gertsch’s patients 3 days after injury with a perforated 
colon and retroperitoneal gangrene, but with no abdominal signs. 
Was the patient conscious? Did he have any associated head or 
spinal injuries? These are conditions in which clinical assessment 
of the abdomen is difficult,and in which a laparotomy should 
therefore be performed. 

High-velocity injuries should not pose any special diagnostic 
problems. These injuries cause greater destruction than the low- 
velocity injuries, and therefore, in theory, they should give earlier 
clinical signs. 

Finally, in our series, six of the colonic injuries were retro- 
peritoneal. 

D. DEMETRIADES, M.D., PH.D. 
Johannesburg, South Africa 


November 12, 1987 
Dear Editor: 


The excellent paper by Dr. di Marzo and his associates in the 
August 1987 issue of Annals of Surgery identified several factors 
in the pathogenesis of femoral anastomatic aneurysms, Hyper- 
tension, infection, suture materials, host vessel degeneration, 
compliance, and turbulence were held to be significant. 

In my earlier experience with cardiac surgical procedures, the 
concept of poststenotic dilatation was recognized in congenital 
stenosis of the pulmonic valve, coarctation of the aorta, and also 
with dilatation of the subclavian artery beyond a well-developed 
cervical rib. On several occasions, when passing a limb of an 
aorto-common femoral prosthesis, it was observed that the in- 
guinal ligament was responsible for a marked narrowing of the 
space behind the ligament. 

In 1979, we reported a study of 100 angiograms that showed 
that the common femoral artery was larger than the external 
iliac artery immediately proximal to the inguinal ligament in 
72% of the radiographs.” 

Beginning in 1974, we routinely divided the inguinal ligment 
in all patients undergoing aorto-femoral anastomosis. No femoral 
hernias ever appeared. 
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Before 1974, we performed 393 anastomoses to the common 
femoral artery in aorto-femoral bypass procedures, in 18 of which 
false anastomotic aneurysms developed in the groin, viz., 4.6%. 

Between 1974 and 1985, 148 anastomoses to the common 
femoral artery were constructed, with the subsequent appearance 
of one false aneurysm, viz., 0.7%. Certainly, with the passage of 
time, one would anticipate that a few more would appear. In 
our experience, the mean interval was 3.75 years. Schellack noted 
a mean interval of six years.! 

L. H. Hollier (3) of the Mayo Clinic stated in a letter I received 
from him (September 1984), “We now routinely divide the in- 
guinal ligament in reconstructions to and from the femoral ar- 


tery, and it is exceptionally rare that we see anastomotic false 


aneurysms in these patients.”? 


We believe that routine division of the inguinal ligament in 


aorto-femoral prosthetic bypasses will have the favorable effect 
of decreasing the incidence of false anastomotic aneurysms. 


JERE W. LORD, JR., M.D. 
GIUSEPPE Rossi, M.D. 
New York, New York 
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May 20, 1988 
Dear Editor: 


I received and read with interest the letter to the editor of Jere 
W. Lord, Jr., M.D., and Giuseppe Rossi, M.D., regarding com- 
ments on development of false femoral anastomotic aneurysms. 

First of all, I must confess I had not reviewed the particular 
paper indicated regarding the inguinal ligament and its relation- 
ship to poststenotic dilatation of the common femoral artery. 
Both Dr. Feldhaus and I have occasionally encountered the rather 
rigid effect that the inguinal ligament may have on the graft as 
it traverses beneath the inguinal ligament in its course of being 
anastomosed to the common femoral artery. When this is evi- 
dent, we have transected the femoral ligament—but we have 
not done this as a matter of course. We also have not encountered 
development of hernias in this area if the inguinal ligament is 
transected, although this has been of concern to us. l 

The authors’ experience of not having femoral aneurysms 
develop during the routine transection of the inguinal ligament 
is extremely interesting. Their relative low rate of false anasto- 
motic aneurysms developing over the femoral artery is to be 
commended. Henceforth, I will also strongly consider the more 


. liberal use of inguinal ligament transection if there appears to 


be impingement on the graft in its course to the femoral artery. 
This may be an additional factor in the pathogenesis of femoral 
anastomotic aneurysms, although we believe that hypertension, 
infection, the suture material used, host vessel degeneration, 
compliance, and turbulence are of greater significance. 


RICHARD D. SCHULTZ, M.D. 
Omaha, Nebraska 
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an abstract. Copies of any possibly duplicative published material 
should be submitted with the manuscript that is being sent for 
consideration. 


TITLE PAGE 

The title page should contain [1] the title of the article, which 
should be concise but informative; [2] a short running head or 
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ANNOUNCEMENT-—-Baylor University Medical Center, Dallas, 
Texas; “Oncology Practice 1989: A Perspective on Breast Cancer.” 
3rd Annual Conference, Snowmass, Colorado, January 29-Febru- 
ary 3, 1989. For further information, contact: Stephen E. Jones, 
M.D., Charles A. Sammons Cancer Center, Room 4800, Baylor 
University Medical Center, 3500 Gaston Avenue, Dallas, Texas 
75246. Phone: (214) 820-2021. 


ASSOCIATE DIRECTOR GENERAL SURGERY TEACH- 
ING AND TRAUMA CARE-—Wake Medical Center, a 560 bed 
community teaching hospital, located in Raleigh, North Carolina, is 
seeking a Board Certified Surgeon with an interest in general surgery 
teaching, trauma care, surgical critical care and clinical research. 
Qualifications include: Board Certification in General Surgery with 
fellowship or residency level training in trauma and critical care 
preferred. Experience and interest in surgical critical care, level I or 
level II trauma center, general surgery resident training and clinical 
research are also desired. General surgery and other graduate 
medical education programs at Wake Medical Center are affiliated 
with the University of North Carolina School of Medicine. 
Successful candidate will be eligible for tenure track or clinical 
appointment in the Department of Surgery at the UNC School of 
Medicine. Academic rank and salary are dependent on training and 
experience. Please submit curriculum vitae and references to 
Chairman, General Surgery/Trauma Search Committee, Wake 
Area Health Education Center, Wake Medical Center, 3000 New 
Bern Avenue, Raleigh, North Carolina 27610. Wake Medical 
Center and the University of North Carolina at Chapel Hill are 
affirmative action/equal opportunity employers. Women and 
minorities are encouraged to apply. 


BC/BE GENERAL SURGEON—To Join 4 general surgeons at 
a large multispecialty group in Santa Barbara. Affiliated with 450- 
bed acute care hospital with an approved surgical residency program. 
Excellent living environment, salary and benefits. Send CV to: 
Barbara Volk, Santa Barbara Medical Foundation Clinic, RO. 
Box 1200, Santa Barbara, CA 93102. EOE. 


CHAIR DEPARTMENT OF SURGERY—WRIGHT STATE 
UNIVERSITY SCHOOL OF MEDICINE—Wreght State Uni- 
versity School of Medicine invites nominations and applications for 
the position of Chair of the Department of Surgery. Chair 
responsibilities include directing, managing, planning and continuing 
development of a department committed to excellence in patient 
care, teaching and research in a variety of modern federal and 
community hospitals. The chair is also responsible for an accredited, 
highly competitive residency program in general surgery. The 
candidate must have an M.D. or equivalent degree from an 
accredited institution, must be board certified in surgery and/or a 
surgical subspecialty; must be licensable to practice medicine in 
Ohio; must qualify for an academic appointment at the rank of 
professor; and must have recognized abilities in patient care, 
administration, teaching, and scholarship. The salary is competitive 
and negotiable. Review of applications will begin December 1, 1988, 
and continue until the position is filled. Applications should include 
a current curriculum vitae and the names of three references. Wright 
State University is an equal opportunity employer. Nominations and 
applications should be submitted to: H. Verdain Barnes, M.D., 
Chair, Surgery Search Committee, Wright State University 
School of Medicine, PO. Box 927, Dayton, OH 45401. 


CHIEF OF SURGERY, DEPARTMENT OF SURGERY, 
Harry S. Truman Veterans Administration Hospital—The 
Department of Surgery, University of Missouri-Columbia invites 
nominations for the position of Chief of Surgery for the Department 
of Surgery in the Harry S. Truman Veterans Administration Hospital. 
The individual will have a faculty appointment at the University of 
Missouri-Columbia and is expected to contribute to all academic 
programs of the Department of Surgery. Candidates should be board 
certified in surgery, have broad clinical, teaching and research 
experience and a record of scholarly contributions and participation 
in appropriate professional organizations. An interest in surgical 
oncology is preferred. Candidates with an administrative back- 
ground are preferred. Those who wish to submit a nomination 
should send their nominee’s name, curriculum vitae, and names and 
telephone numbers of three references to: Donald Silver, M.D., 
Chairman, Department of Surgery, University of Missouri- 
Columbia Health Sciences Center, 1 Hospital Drive, Columbia, 
MO. 65212. Application deadline is December 1, 1988. The Harry 
S. Truman Veterans Administration Hospital and the Univesity of 
Missouri-Columbia offer Equal Opportunity in Employment and 
Education. 


CRITICAL CARE FELLOWSHIP—One and two-year pro- 
grams in the Department of Anesthesia at the Massachusetts General 
Hospital. Applicants must have completed Board established clinical 
training requirements in either anesthesiology, internal medicine or 
surgery. The program is designed with a strong emphasis on the 
acquisition of clinical skills and judgment in the field of critical care 
medicine. Research opportunities span a variety of critical care areas. 
Participation in some form of research is encouraged in both one and 
two-year programs. For further information write to Roger S. 
Wilson, M.D., Department of Anesthesia, Massachusetts 
General Hospital, Boston, MA 02114. 


CRITICAL CARE MEDICINE—1-2 year fellowship in adult 
CCM beginning July 1, 1989, at the University Health Center of 
Pittsburgh. The CCM training program has been reorganized to meet 
the new ACGME requirements for training in CCM. Interested 
physicians, board eligible or certified in anesthesiology, medicine, 
surgery or emergency medicine, please contact: Director, CCM 
Training Program, Presbyterian-University Hospital, Room 
1311, Desoto at O’Hara Street, Pittsburgh, PA 15213; 412-647- 
3135. The University Health Center of Pittsburgh is an Equal 
Opportunity/Affirmative Action Employer. 
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GENERAL SURGEONS, BC/BE, fer beautiful locations in AL, 
NC, VA. Excellent professional practice opportunities. Send CV: 
M.L. Carter, 14502 N. Dale Mabry, 8-200, Tampa, FL 33618. 
(813) 264-1264. 


GENERAL SURGEON: BC/BE surgzon to join another in well- 
established HMO practice in south suburban Boston. Competitive 
salary and benefits. Send curriculum vitae to: Director of Physician 
Recruitment, Medical East Community Health Plan, 45 Bristol 
Drive, South Easton, MA 02375. (508) 559-7250. We are an equal 
opportunity/affirmative action employer. 





GENERAL SURGEON (BE/BC) to join two man surgical 
practice in Piedmont area of S.C. Excellent location near metropol- 
itan area. Broad based surgical practice. University training and 
recent residency preferred. Reply to Box ANNIIA, J. B. Lippin- 
cott Company, East Washington Square, Philadelphia, PA 
19105. 


GENERAL SURGEON~—-Challenging opportunity awaits physi- 
cian to expand development in General Surgery Department in 39 
physician multi-specialty clinic. Must be Board Certified. Ambula- 
tory Surgical Treatment Center adjacent to clinic. Average physician 
caseload as follows with expected growth: 290 major cases/year and 
270 minor cases/year. Level II trauma center imminent at hospital. 
Opportunity exists for affiliation with Southern Ilinois University 
Medical School. Minimal capital investment with equity for future. 
Flexible compensation package with generous fringe benefits 
including health and disability insurance, vacation, CME leave, and 
profit sharing retirement plan. Fee-for-service plus prepaid HMO. 
Population 28,000 SIU students. Contact: William R. Hamilton, 
M.D., Medical Director; Carbondale Clinic, 2601 West Main 
Street, Carbondale, IL 62901 or call (618) 549-5361. 


GENERAL SURGEON-—-Mature, board certified surgeon for full- 
time position at Muskogee Veterans Administration Medical Center. 


Duties will include performing all types of general surgery, minor ` 


surgery, and some liaison duties on the subspecialty services with 
potential for resident instruction and faculty appointment at 
University of Oklahoma Tulsa Medical College. Salary and faculty 
appointment dependent upon qualifications. Generous benefits 
package. Reply to Cc 
Douglas Wood, M.D., Chief, Surgical Service, VA Medical 
Center, Honor Heights Drive, Muskogee, OK 74401. Phone 
(918) 683-3261 x300. EOE. . 


GENERAL SURGEONS-—Newly established prepaid group 
practice desires to begin offering general surgery services. Looking 
for general surgeons interested in establishing and building a 
department. Physicians must be from high quality residency 
programs or have significant practice experience. Positicns available 
immediately and for 1989. Address CY to: Phyllis M. Kline, 
Physician Recruitment Coordinator-ANS, Carolina Permanente 
Medical Group, RA., 3120 Highwoods Blvd., Raleigh, N.C. 
27604-1018. 


GENERAL SURGEONS-—Prepaid group practice desires to 
increase general surgery staff. Looking for general surgeons interested 
in building a department. Physicians must be from high quality 
residency programs. Positions available immediately. Presently one 
surgeon on staff with membership of approximately 35,000. C.V.s 
to: Eric Cornwell, M.D., Chief of Surgery, Kaiser Permanente 
Medical Group, Inc., 1305 Tommydon St., Stockton, CA 95209. 
(209) 476-3300. 


GENERAL/VASCULAR SURGEON—North Carolina, New 
Jersey, and Nationwide Opportunities. BE/BC. Dr. Len Goodman, 
SMA, P.O. Box 25786, Charlotte, NC 28229. 704-536-2527. 


HAWAIT/GENERAL SURGEON—Board  certified/eligible 
general surgeon with or without vascular subspecialty training 
needed to join a large pre-paid multispecialty group in Honolulu. 
Competitive salary and excellent fringe benefits. Applicants from 
high quality residency programs will be considered. Send CV to: 
Hawaii Permanente Medical Group, Inc., 3288 Moanalua Road, 
Honolulu, HI 96819. An equal opportunity employer. 





PEDIATRIC SURGEON-—East Tennessee State University Col- 
lege of Medicine is seeking a Director of the Division of Pediatric 
Surgery and an additional pediatric surgeon for immediate appaint- 
ment to the faculty. Rapidly growing active clinical practice covering 
a referral base of over one million people and research opportunities. 
Full faculty benefits and insurance coverage, competitive salary plus 
no-cap faculty practice plan. Pleasant living conditions in growing, 
economically healthy, picturesque Appalachian region of Upper East 
Tennessee with close access to lakes, mountains and southern ski 
areas, Interested Board Ehgible/Board Certified individuals are 
invited to send current CV to Barbara O. Kimbrough, M.D., 
Interim Chairperson, ETSU Department of Surgery, Box 
19750A, Johnson City, TN 37614 or call (615) 929-6268. ETSU 
is an affirmative action/equal opportunity employer. ETSU employs 
only U.S. citizens and aliens authorized to work in the United States. 


SURGICAL ONCOLOGIST: Board-certified, Board-eligible sur- 
gical oncologist to join 33-phystcian multi-specialty group practice 
in historic Fredericksburg, VA. Individual will practice as member 
of surgery department comprising vascular, thoracic, general sur- 
geons. Pratt Medical Center is situated midway between Washing- 
ton, D.C. and Richmond and Charlottesville, Virginia. Excellent 
quality of life, outstanding medical facilities and resources. Salary 
and benefits leading to partnership. Please forward curriculum vitae 
to: R. David Erdington, M.D., Pratt Medical Center, 1701 Fall 
Hill Avenue, Fredericksburg, VA 22401, or call (703) 899-5926. 


The University of Missouri—Columbia Department of Surgery 
and the Harry S. Truman Memorial Veterans Hospital is recruiting 
a certified or certifiable general surgeon with demonstrated interest 
and experience in teaching and clinical and/or basic research. The 
major commitment of time will be in the Harry S. Truman Memorial 
Veterans Hospital. The individual will be expected to participate in 
all the teaching programs of the Department of Surgery and develop 
independent lines of investigation. Emphasis is placed upon expe- 
riences in endoscopy and surgical oncology. Please send curriculum 
vitae, and names and telephone numbers of three references to: 
Donald Silver, M.D., Chairman, Department of Surgery, Umi- 
versity of Missouri-Columbia, Health Sciences Center, 1 Hospi- 
tal Drive, Columbia, MO. 65212. Application deadline is 
November 30, 1988. The Harry S. Truman Veterans Administration 
Hospital and the University of Missourl-Columbia offer Equal 
Opportunity in Employment and Education. 


VASCULAR SURGEON—Board certified/eligible vascular sur- 
geon needed to join 300 physician multi-specialty group in 
Sacramento, CA. Competitive salary and excellent fringe benefits. 
Ninety miles from Sierra skiing and San Francisco. California license 
required. Send curriculum vitae to: Mrs. Carolyn Whelan, The 
Permanente Medical Group, Inc., 2025 Morse Avenue, Sacra- 
mento, CA 95825. EOE. 
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Surgical Oncology 
Fellowship 
University of Pennsylvania 


Available July 1, 1989. Candidates must be Board 
eligible in General Surgery or surgical subspecialties, 


Call or write: 


John M. Daly, M.D. 

Chief, Division of Surgical Oncology 
Hospital of the University of Pennsylvania 
3400 Spruce Street 

Philadelphia, PA 19104 

(215) 662-7866 


Deadline for application: January 31, 1989 





SURGICAL ONCOLOGY FELLOWSHIP—Harvard Affiliated 
Teaching Hospitals. Two NIH funded Surgical Oncology Research 
Fellowships are available July, 1989. Eligibility: 1) Surgical 
residents who have completed at least two years of residency 
training. 2) Chief Residents in surgery and recently graduated board 
eligible surgeons wishing to pursue academic careers in surgical 
oncology. Training Facilities: This fellowship is based at the New 
England Deaconess Hospital, The Dana Farber Cancer Institute, and 
other Harvard affiliated teaching hospitals and their research 
institutions. The two year fellowship will provide intensive research 
training in oncology, immunology and tumor biology. Graduate 
courses at Harvard Medical School will supplement the laboratory 
experience. Formal clinical rotations in medical and radiation 
oncology will provide multidisciplinary exposure. Competitive 
salary is commensurate with level of training and experience. 
Applicants interested in this fellowship are invited to send their 
curriculum vitae to: Department of Surgery, Attn: Surgical 
Oncology Fellowship, New England Deaconess Hospital, 110 
Francis Street, 3A, Boston, MA 02216. 


VASCULAR SURGEON—Exciting, full-time position at 550 bed 
VA Medical Center, in Allen Park, Michigan. Position offers rank 
of Assistant Professor at Wayne State University, high volume 
vascular surgery, medical student/resident teaching and research 
opportunities. Candidates should have finished vascular fellowship. 
Send curriculum vitae to Dr. Robert Kozol, Chief of Surgery, VA 
Medical Center, Southfield & Outer Drive, Allen Park, MI 
48101. 
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Feeding Catheters 


Mark IV is the most 
compact (#18 French), 
efficient, and occlusion 
Duodenal Aspiration resistant design since 
en ere fi oe initially introduced in 
Orifice fh 1963. Its integral spring 
J E l Spring guide-wire makes it the 
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Esophageal/duodenal decompression is 12-14 times more efficient than 
gastric aspiration of alternative devices.” "Enteral hyperalimentation" begins 
immediately postop, with reported decreased sepsis, wound problems and Distributed By: 


markedly shortened L.O.S. 

Moss Tubes, Inc. 
Box 296 
W. Sand Lake, N.Y. 
12196 
(518) 674-3109 


Made of #18 French 
biocompatable silicone 
for minimum trauma 
without sacrificing 
efficiency of performance 
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SEPT documenting results 
INFLATION from independent 
clinical centers. 


* Send for reprints 





Mle IA Gastrostomy Tube 
® Gerald Moss, PhD, MD, FACS 


INCOMPARABLE Moss®TuBES oe 


(but compare with other feeding-decompression tubes anyway.) 


1. Decompression Site 


Gastric suction alone cannot work! The stomach's 


longitudinal folds mimic parallel segments of intestine. 7 
7 Effective r 


Aspiration orifices may empty a single “Magenstrasse”’ Aspiration 
Sites 


(figure A). Most swallowed air avoids suction, and is 
propelled through the pylorus via adjacent channels. A 
clinical study of other N-G and G-tubes measured 32-42% Gasiti Sidana 
inefficiency. A toll booth in the center of a wide highway ageranaees 
cannot collect from traffic in the outer lanes. 

Removal of air is most effective at constricted (single-file) 
sites. Measured efficiency increases 12-fold by adding 
aspiration within the adjacent esophagus and/or 
duodenum. And flowing duodenal digestive juices 
“self-cleanse”’ the tube of occluding mucus. 





2. Feeding site 


Gastric feeding risks distention and aspiration. 
Jejunal delivery bypasses 1-3 feet of proximal intestine, 
acting as a barrier to retrograde decompression. Aspira- 
tion of feedings is less likely, but remains a risk. Minimal A. The functioning stomach subdivides into discrete"Magenstrasse". 
initial infusion (starvation) is manditory initially. Any tube can only evacuate the single gastric stream within which it lies. 

The Moss®G-Tube's duodenal delivery site is the 
most effective. With proximal duodenal aspiration (pat- 
ented), the initial distal feeding rate is unlimited. Clinical 
x-rays visualized removal of all excess feeding, with none 
reaching the stomach. (Fig. B) The full length of intestinal 
absorption is available immediately. Earliest ‘enteral 
hyperalimentation” is safely instituted within the recovery 
room. Positive nutritional balances are achieved, leading 
to enhanced sepsis resistance, accelerated wound healing 
and shorter L.O.S. 





3. Aspiration Orifices 


Uniformly sized orifices (all others) "suck in" mucosa 
to occlude the openings and stop decompression. 
Mucosal release then requires a null period (intermittant 
suction). Prograde air or retrograde feedings can be 
propelled accross and beyond the stomach, causing 
distention or aspiration. 

By pairing each large orifice with a patented, smaller 
"suction buster" opening (Moss®G-tube), continuous 
aspiration is maintained despite inadvertantly elevated 
suction. 


4. Biomaterials 


The Moss®G-Tube is all silicone, the accepted "gold 
standard” for optimum long term stability, tissue tolerance 
and biocompatibility. B. Study @ 5 minutes. Note effective removal of all excess barium 

flowing retrograde, none visualized to reach the stomach. 
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Of course, TUCKS can be used as 
a hemorrhoidal treatment to soothe 
inflamed tissue on contact. But did 

you also know that TUCKS is useful 

as an anorectal cleanser—allowing 
gentle removal of potentially irritating 
residue. And that can be of particular 
comfort to patients suffering from 
bowel disorders. Furthermore, TUCKS 
is effective as a perianal compress— 
relieving itching and discomfort follow- 
ing rectal surgery. 


TUCKS...it’s being used for more and 
more good reasons every day. 
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The versatile anorectal 
treatment pad 


To receive a complimentary supply of patient booklets on anorectal care, call 1-800-537-5179. 
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New Thrombostat 
10,000-unit kit 
complements classic 


20,000-unit kit 


, THROMBOSTAT® (Thrombin, USP) is now avail- 
able in a new 10,000-unit sterile kit— providing the 
same distinct and important advantages as the 
classic 20,000-unit kit. 









‘| A sterile pump sprayer in each kit ensures easy 
application and even distribution of THROMBOSTAT 
solution for more uniform hemostasis. The need for 

| syringes is completely eliminated with the improved 

/ THROMBOSTAT sterile transfer device, 
| and the appropriate volume of diluent en- 
| sures proper strength of THROMBOSTAT 
‘| solution for rapid, reliable hemostasis. eee 
Finally, the entire contents of the new iB 
THROMBOSTAT 10,000-unit kit, like == 
the 20,000-unit kit, can be intro- 3 
duced directly into the operating field, === Saline sy 









diluent for 
because the inner tray and con- Pem i 


tents are completely sterile. This 
saves valuable time in a vari- 
ety of surgical procedures. 
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Today, get the precision and control you expect 
from a precision instrument—with the classic 
THROMBOSTAT 20,000-unit kit, and now, the new 
THROMBOSTAT 10,000-unit kit. 


THROMBOSTAT KIT 
THROMBIN, USP. 


Bas more anita about t 
convenient THRO MBOSTATS kit. 
simply fill out the coupon and mail to: 


Parke- Davis, Division of Warner-Lambert Company, 
201 Tabor Road, Morris Plains, New Jersey 07950. Attn: Carol Holmelund 








PHYSICIAN'S NAME (please print) 


Please see next page for brief summary 
of prescribing information. 
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THROMBIN, USP 
THROMBOSTAT® 
(Bovine Origin) 


Before prescribing, please see full prescribing information. 
A Brief Summary follows: 


Thrombostat must not be injected! Apply on the surface of bleeding 
tissue as a solution or powder. 


INDICATIONS AND USAGE: Thrombostat (Thrombin, USP) is indicated as 
an aid in hemostasis wherever oozing blood from capillaries and small 
venules is accessible. 

In various types of surgery, solutions of Thrombostat may be used in 
conjunction with Absorbable Gelatin Sponge, USP for hemostasis. 
CONTRAINDICATIONS: Thrombostat is contraindicated in persons known 
to be sensitive to any of its components and/or to material of bovine origin. 
WARNING: Because of its action in the clotting mechanism, 
Thrombostat must not be injected or otherwise allowed to enter large 
blood vessels. Extensive intravascular clotting and even death may 
result. Thrombostat is an antigenic substance and has caused sensi- 
tivity and allergic reactions when injected into animals. 
PRECAUTIONS: General: Consult the absorbable gelatin sponge 
labeling for complete information for use prior to utilizing the thrombin- 
saturated sponge procedure. 

Pregnancy —Teratogenic effects: Pregnancy Category C. Animal 
reproduction studies have not been conducted with Thrombin, Topical 
(Bovine). It is also not known whether Thrombin, Topical (Bovine) can 
cause fetal harm when administered to a pregnant woman or can affect 
reproduction capacity. Thrombin, Topical (Bovine) should be given toa 
pregnant woman only if clearly indicated. 

Pediatric Use: Safety and effectiveness in children have not been 
established. 

ADVERSE REACTIONS: Allergic reactions may be encountered in persons 
known to be sensitive to bovine materials. 

DOSAGE AND ADMINISTRATION: General: Solutions of Thrombostat 
may be prepared in sterile distilled water or isotonic saline. The intended 
use determines the strength of the solution to prepare. For general use in 
plastic surgery, dental extractions, skin grafting, neurosurgery, etc, solu- 
tions containing approximately 100 units per mL are frequently used. For 
this, 10 mL of diluent added to the 1000 unit package is suitable. Where 
bleeding is profuse, as from cut surfaces of liver and spleen, concentrations 
as high as 1000 to 2000 units per mL may be required. For this the 5000 unit 
vial dissolved in 5 mL or 2.5 mL, respectively, of the diluent supplied in the 
package is convenient. Intermediate strengths to suit the needs of the case 
may be prepared by selecting the proper strength package and dissolving 
the contents in an appropriate volume of diluent. In many situations, it may 
be advantageous to use Thrombostat in dry form on oozing surfaces. 
Caution: Solutions should be used immediately upon reconstitution. If 
necessary, refrigerate the solution and use within 3 hours of reconstitution. 

The following techniques are suggested for the topical application of 
Thrombostat. 

l. The recipient surface should be sponged (not wiped) free of blood 
before Thrombostat is applied. 

2. A spray may be used or the surface may be flooded using a sterile syringe 
and small gauge needle. The most effective hemostasis results when the 
Thrombostat mixes freely with the blood as soon as it reaches the surface. 
3.. In instances where Thrombostat in dry form is needed, the vial is 
opened by removing the metal ring by flipping up the plastic cap and 
tearing counterclockwise. The rubber-diaphragm cap may be easily 
removed and the dried Thrombostat is then broken up into a powder by 
means of a sterile glass rod or other suitable sterile instrument. 

4, Sponging of treated surfaces should be avoided in order that the clot 
remain securely in place. 

Thrombostat may be used in conjunction with Absorbable Gelatin 
Sponge, USP as follows: ` 
l. Prepare Thrombostat solution of the desired strength. 

2. Immerse sponge strips of the desired size in the Thrombostat solution. 

Knead the sponge strips vigorously with moistened gloved fingers to 

remove trapped air, thereby facilitating saturation of the sponge. 

3. Apply saturated sponge to bleeding area. Holdin place for 10 to 

15 seconds with a pledget of cotton or a small gauze sponge. 

Sterile Packages —Thrombostat Sterile Packages are available in two 

strengths, 5000 units and 10,000 units. A Sterile Package contains one 

sterile vial of Thrombostat, one sterile vial of Isotonic Saline Diluent, and 

one sterile transfer device. The Sterile Package may be used as follows: 

1. Remove the Tyvek® blister lid by pulling up at the indicated corner. The 

sterile inner tray can be lifted out or introduced into the operating field. 

2. Thecover to the sterile inner tray is removed by pulling upon the finger 

tab, exposing the sterile contents. 

3. Thrombostat solution of the desired strength is prepared using the 

transfer device, 

4. Alternatively, when Thrombostat in dry form is needed, the vial is 

opened as described above and the dried Thrombostat broken up intoa 

powder by means of a sterile glass rod or other suitable instrument. 

Kits —Thrombostat Kits are available in two strengths, 10,000 units and 

20,000 units. The 10,000 unit kit contains one sterile 10,000 unit vial of 

Thrombostat, one sterile vial of Isotonic Saline Diluent, one sterile transfer 

device, and one sterile pump sprayer cap. The 20,000 unit kit contains one 

sterile 20,000 unit vial of Thrombostat, one sterile vial of Isotonic Saline 

Diluent, and one sterile pump sprayer cap. The kit may be used as follows: 

1. Remove the Tyvek® blister lid by pulling up at the indicated corner. The 

sterile inner tray can be lifted out or introduced into the operating field. 

2. The cover to the sterile inner tray is removed by pulling up on the finger 

tab, exposing the sterile contents. 

3. For the 10,000 unit kit, Thrombostat solution ot the desired strength is 

prepared using the transfer device. See directions above. After recensti- 

tution, the pump sprayer cap is inserted and seated on the Thrombostat 

solution vial. For the 20,000 unit kit, Thrombostat of the desired strength is 

prepared and the pump sprayer cap is inserted and seated on the 

Thrombostat solution vial. Note: Several strokes of the pump sprayer will be 

required before the Thrombostat solution is expelled. 

4. Alternatively, when Thrombostat in dry form is needed, the vial is 

opened as described above and the dried Thrombostat broken up into a 

powder by means of a sterile glass rod or other suitable instrument. 

Caution — Federal law prohibits dispensing without prescription. 

Tyvek is a registered trademark of E.I. du Pont de Nemours & Co. seve 
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Trauma Fellowship 


¢ One year, available July 1989 

¢ Emphasis on clinical research 

¢ Active Level I trauma center 

¢ Established fellowship program 

e Applicants must be general surgery, 
PGY-6 or greater 


Send inquiries to: ‘Michael Rhodes, M.D., F.A.C.S 
Director, Trauma Services 


The Allentown 


Hospital — 
Lehigh Valley 
Hospital Center 


A HealthEast Hospital 


Lehigh Valley Hospital Center 
PO. Box 689 

1200 S. Cedar Crest Blvd. 
Allentown. PA 18105 


(215) 776-8358 










Your Library Isn’t Complete 
Without the Facts 


For total drug information, 
equip your library with all 5 
Facts and Comparisons publi- 
cations. You can be confident 
that the same accuracy, 
completeness, and ease-of- 
use you've come to expect 
from Facts will be found in all 
of these vital references. Order 
one or more copies, today. 


Drug Facts and Comparisons 


@ More than 11,000 products, 
including 4,000 OTCs, grouped 
by therapeutic category, 
updated monthly. 


Drug Newsletter 


@ Summarizes new findings 
and recent developments in 
drug therapy, published 

monthly in 8-page format. 















Drug Interaction Facts 


@ This comprehensive refer- 
ence permits rapid screening 
for potential interactions by 
Class, generic drug or trade 
name, updated quarterly. 












Pharmacy Law Digest 


@ Detailed information 
regarding many aspects of 
pharmacy and the law, 
including specific court cases, 
updated annually at an 
additional fee. 


4988 American Drug Index 


@ Over 20,000 entries, cross- 
indexed to correlate brands, 
generics, chemical names, 
and common synonyms for 











Yes! send me the following Facts and Comparisons publications: 
CO Drug Facts and Comparisons @ $129.00 (includes 11 monthly updates). 
C Drug Newsletter @ $45.00 (includes 12 monthly issues), O Include Binder @ $6.00, 
O Drug Interaction Facts @ $59.00 (includes 3 quarterly updates). 

O Pharmacy Law Digest @ $59.50. 

C 1988 American Drug Index @ $25.50. 


facts and 
comparisons 


O My check is enclosed (saves handling). Include sales tax where applicable. 
CO Bill me (plus $3 handling). 
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Facts and Comparisons e 111 West Port Plaza « Suite 423 « St. Louis, MO 63146-3098 
800/223-0554 or 314/878-2515 JBL 
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| Complications 
and hospital 
stay with the 
Angelchik 
procedure 
measured 
against 

the Nissen 
fundoplication. 


Comprehensive data 
provided by 24 studies, 
involving over 2000 
patients, has enabled a 
comparison of anti-reflux 
procedures. Combined 
results are presented 
graphically. For a 
complete bibliography and 
study details contact 
Mentor Corporation. 

Toll free 800/235-5731. 
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This report reviews the history of the development of civilian 
helicopter ambulance program as a component of a total emer- 
gency medical services (EMS) system. Current literature dem- 
onstrates significant reduction in trauma mortality for those pa- 
tients transported by air either from the scene of the accident or 
from an outlying hospital to a trauma center. The primary factor 
is not the speed of the transport but administration of life-saving 
care by the helicopter medical crew at the scene of the accident 
or at the outlying hospital. Regulations have been developed to 
assure proper patient selection, quality care, safety, and mini- 
mization of misuse of this expensive resource. 


THOUGH AEROMEDICAL TRANSPORT began in 
A 1870, when balloons were used to transport sol- 

diers from the city of Paris, it was not until the 
early 1950s, during the Korean War, that rotary wing 
crafts (helicopters) were used to evacuate injured soldiers. 
The role of helicopters was expanded during the Vietnam 
conflict, resulting in decreased mortality from serious 
wartime injury. After this experience, helicopter capabil- 
ities were extended to civilian medicine, with the impli- 
cation that helicopter transport could improve mortality 
and morbidity statistics for trauma victims. The purpose 
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of this review is to evaluate the impact of helicopter EMS 
on trauma care with specific focus on its value on survival 
and morbidity. 

Helicopter evacuation was first employed during the 
Korean conflict, not through any preconceived plan, but 
as a result of its expediency.' Previously the primary role 
of the helicopter was that of rescuing downed aircraft pi- 
lots, particularly from sea crashes. Because of the difficult 
terrain in Korea, the Third Air Rescue Squadron (Air 
Force helicopter group) received requests to evacuate in- 
jured soldiers from locations inaccessible to ground am- 
bulances. This role increased progressively over the early 
years of the war. In 1950, the Army developed a helicopter 
detachment used exclusively for evacuating injured sol- 
diers. The value of this method of transport became very 
obvious, especially when a program was created with spe- 
cial communication, medical control, and paramedic 
personnel as members of the flight crew. Mortality rates 
for major injuries were markedly reduced for injured sol- 
diers as compared to those of World War II experiences. 

The Vietnam conflict further solidified the value of 


673 





FIG. 1. Duke University Hospital Life Flight Program, initiated in 1985, 
averages over 1600 flights annually. 


aeromedical evacuation in that no injured soldier was 
more than a 35 minute’s trip from a medical facility ca- 
pable of giving definitive life-saving treatment. In 1968, 
Neal suggested that the experience that the Army Medical 
Service had gained through using helicopter ambulances 
during wartime could be translated into comparable ci- 
vilian emergency health programs.’ Since that time, both 
hospital-based and public safety helicopter services have 
become an integral part of EMS systems across the United 
States (Fig. 1). In 1987 there were 154 helicopter services 
Operating in six regions.* Each program averages 623 
flights per year, with 23% being scene responses for 
trauma victims and the remainder being interhospital 
transports. 


Emergency Medical Service Systems 


The helicopter, organized prehospital care, and trauma 
centers’ designation fit well into the emergency medical 
service system across the United States, and developed to 
optimize care for multisystem injured patient.* A series 
of benefits of an organized EMS system that effected out- 
come became obvious: first was the rapid transport of the 
victim to appropriate trauma care facility; second, early 
resuscitation and stabilization by trained personnel, be- 
ginning at the scene of the accident and continuing in the 
trauma center; third, rapid surgical intervention, as nec- 
essary, for the type of injury incurred, and finally, a mul- 
tidisciplinary team approach from initial resuscitation to 
definitive care. The helicopter appeared ideally suited for 
the first two factors; it provided rapid transport of a victim 
to an appropriate trauma care facility as well as to trans- 
port-trained personnel to the scene of the accident to begin 
initial and early resuscitation and stabilization. In 1972, 
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the first helicopter service totally dedicated to providing 
rapid transport and expert prehospital resuscitation for 
critically injured patients was established in Colorado.° 
Over the next 10 years, many other hospitals followed 
this example, with the primary focus of helicopter service 
on major trauma care beginning at the scene of the ac- 
cident. “First response” was initiated where a specially 
trained crew and helicopter were dispatched directly to 
the scene of a serious injury and where such factors as 
traffic, congestion, or the remoteness of the site delayed 
normal ground access of the injured individual to a hosp- 
ital. This current role has been modified such that the 
helicopter becomes a “second responder” after triage at 
the scene of the accident indicates the presence of serious 
injuries. 

Soon other roles for the air ambulance service became 
obvious. These included transporting medical experts 
from a tertiary trauma center to outlying hospitals. There 
these individuals would initiate medical interventions re- 
quiring specialized instruments or other supplies or tech- 
niques not available at the referring facilities. A third role 
for helicopter ambulance services was that of the hospital- 
to-hospital transport of critically injured patients who were 
initially stabilized, but who required specialized care not 
available at the outlined hospital, thus necessitating re- 
ferral to a tertiary center. This new role of inter-hospital 
transport was expanded to other types of patients, in- 
cluding neonates, patients with high-risk pregnancies, and 
patients with acute myocardial damage from coronary 
artery disease.’ In fact, today nontrauma diagnoses ac- 
count for more than 50% of inter-hospital transports. 
These expanded roles for helicopter use extended care 
resources of major medical centers for critically ill or in- 
jured patients from distances of 45 miles (or 1-hour trans- 
port by ground ambulances) to distances of 150 miles (or 
1 hour by air transport). 

As the number of helicopter emergency medical pro- 
grams expanded, many concerns were raised concerning 
the effectiveness, safety, and costs. Civilian settings and 
circumstances are very different from military conditions. 
Injuries in metropolitan areas occur near paved roads, 
and hospitals with staffed emergency departments may 
be close. Operational costs of helicopter services are greater 
than existing ground ambulances. Because of these con- 
cerns, a series of guidelines for helicopter use have been 
suggested.® First, trauma scene response by helicopter 
should be dispatched only for seriously injured patients 
who are potentially salvageable. This guideline depends 
on an effective and accurate triage system. Second, trauma 
scene flights are not justified if the flight does not signif- 
icantly reduce the interval between injury and patient ar- 
rival to an appropriate hospital, unless the flight delivers 
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needed medical expertise or equipment to the scene. Thus, 
time distances as well as therapeutic capabilities of heli- 
copter medical team have to be carefully analyzed in each 
EMS region. Third, critically injured patients should be 
returned to the nearest hospital with appropriate capa- 
bilities and demonstrated expertise to manage serious in- 
juries. This guideline is dependent on accurate categori- 
zation and evaluation of emergency departments. Fourth, 
flight services should be fully intergraded into the existing 
emergency medical service system, thereby avoiding 
competition between ground and air ambulances for pa- 
tients. Fifth, scene flights should be dispatched within 
medical guidelines established by the regional EMS sys- 
tem, demanding cooperative efforts from all involved in 
providing trauma care in designated regions. Sixth, EMS 
medical air evacuation of trauma victims should assist 
the regionalization of trauma care to centers with spe- 
cialized capabilities for the management of a serious in- 
jured patient. Implementation of these guidelines demand 
extensive cooperation between prehospital, hospital ser- 
vices, and governmental agencies. 

One major consideration is the economic impact of the 
civilian helicopter ambulance program on hospitals in 
stituting these services. According to published reports,’ 
helicopter services have achieved profits in excess of 
$120,000 per year or significant deficits of over $300,000 
per year, based on the types of air services provided, the 
existence of lease versus purchase contracts, the number 
of annual flights, and distribution of patient population 
in terms of financial remuneration. It is clear that heli- 
copters have caused a steady increase in admissions to 
established trauma centers.'° However, the mix of patients 
and governmental regulations may result in an additional 
financial burden to these trauma centers, !! 

It has been proposed that the primary benefit of a he- 
licopter service is speed of delivery of patient from the 
accident scene to definitive care at the trauma center. 
Retrospective studies suggest that helicopter programs 
have significantly reduced the mortality rate for patients 
who were rapidly deteriorating or unstable and who would 
have died during ground transportation or required spe- 
cialized care during transport that would not have been 
possible under. statutes governing ground ambulances and 
emergency medical technicians.'? However, a recent re- 


` port from European countries has challenged assertions 


about the life-saving value of the helicopter. 


Scene Response 


The major initial focus of helicopter use in EMS pro- 
grams is on scene response. Critical evaluation of this use 
of the helicopter began the mid-1970s with the report from 
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the Maryland Institute of Emergency Medical Services." 
Over a 2-year period, 760 patients admitted to MIEMS 
were transported directly from the scene of the accident 
by helicopter. The overall mortality rate for this group 
was 22%, including 8% who were dead on arrival. This 
was a lower death rate for severely traumatized patients 
than that reported in the comparable nonhelicopter lit- 
erature. The remaining 14% died primarily of either sig- 
nificant head trauma or delayed sepsis. Major hemorrhage 
or chest and abdominal injuries were rare causes of death 
in these series. 

Over the subsequent years, additional helicopter trans- 
port series were reported from other major medical centers 
with similar mortality rates.'"'© These reports documented 
better survival of severely injured patients with low trauma 
scores. Most recent studies show improved salvage rates 
for patients with severe multisystem injury. 

Initial reports have documented major therapeutic in- 
tervention rates of over 30% of transports, including en- 
dotracheal intubation, tube thorocostomy, central venous 
access, and administration of mannitol and various car- 
diac medications. However, in these early experiences, 
such therapeutic interventions required additional ground 
time, making their value questionable.'!’ Recent experi- 
ences with better evaluation and stabilization by initial 
responders have decreased ground times from 57 minutes 
to 28 minutes, despite increased major interventions, for 
as many as nearly 50% of the patients.'® This high rate of 
therapeutic intervention during civilian trauma flights 
exceeds current military experience, whereas in a report 
of wartime military injured casualties, only less than 5% 
received therapeutic interventions. !’ 

However, could these interventions be performed as 
well by ground ambulance teams? In order to evaluate 
the effectiveness of rotary craft medical emergency care 
versus ground ambulance care on trauma mortality, Baxst 
and associates compared the mortality rates of patients 
treated at the scene of the injury and transported by stan- 
dard ambulance service with the survival rates of similar 
trauma patients treated and transported from the scene 
by the helicopter service to the same trauma center.” Al- 
though both groups of patients were matched for types of 
injury, age, and trauma scores, only patients treated and 
transported by helicopter had an improved mortality rate 
compared with the predicted rate. It is of interest that, 
although the mortality rate was better for the aeromedical 
transport group, the time from injury to arrival to the 
trauma center was 23 minutes longer. 

There were also significant difference in types of inter- 
vention between the two groups. The land-based group 
provided CPR, esophageal airway intubation, intravenous 
(1.V.) drugs and MAST trousers, whereas the air medical 
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group was able to perform similar interventions as well 
as endotracheal intubation, placement of central venous 
catheters, chest tubes, and even open-cardiac resuscitation. 

Another multicenter study involving over 1200 heli- 
copter-transported trauma patients documented a 21% 
reduction in actual mortality rate over predicted mortality 
rate.?! Team composition of each helicopter in this mul- 
tisystem study varied from a-physician-nurse team to a 
nurse-paramedic team, raising the question of ideal team 


composition. Presently, less than 6% of the hospital-based _ 


helicopter programs use a physician as part of the heli- 
copter team.” Potentially, there is physician involvement 
on two levels: skill and judgment. Special skill requiring 
a physician occurs very infrequently—in less than 1% of 
flights.” Because physician judgment was required in only 
one in five flights, medical involvement via radio contact 
may be an effective alternative, eliminating the need for 
a physician on helicopter flights.” 


Inter-Hospital Transport 


In recent years, there has been an increasing use of the 
helicopter for inter-hospital transport of acutely injured 
patients. The volume of patients transported by helicopter 
has increased dramatically, from approximately 16,000 
patients transported in 1980 to 49,000 in 1984, and over 
97,000 in 1987. This marked increase is primarily due to 
the use of helicopters for inter-hospital transports.?>7° 

Because the value of helicopter inter-hospital transport 
of trauma victims has focused on either its effect on the 
interval between injury and arrival of the patient at the 
trauma center or the therapeutic interventions begun by 
the flight team at arrival at the referral hospital, back- 
ground information on trauma patients transferred by 
ground from outlying hospitals to trauma centers should 
also be reviewed. 

Reports evaluating patients with significant injuries 
transferred from outlined hospital by ground showed ma- 


jor departures from standard care in over 70% of these’ 


patients—primarily the lack of therapeutic interven- 
tions.” These major departures include lack of adequate 
fluid resuscitation, airway control and pulmonary support. 
Initial reports of helicopter use in interhospital transport 
documented that the number of therapeutic interventions 
instituted by the helicopter crew at the outlying hospital 
before and during transport ranged as high as in 35% of 
the patients transported, whereas other authors questioned 
the value of the use of trained helicopter crews. In these 
retrospective studies it is often difficult to differentiate 
patients who did not benefit from aeromedical transport 
from those for whom the service was judged essential to 
survival. 
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A prospective study from Duke University analyzed 
the effect of air versus ground inter-hospital transport on 
survival after multisystem injury.*® One hundred thirty- . 
six air-transported patients versus 194 ground transport 
patients were matched for trauma scores, age, mechanism 
injury, and organ systems injured. There was a statistically 
significant survival advantage for air-transported patients 
with trauma scores between 10 and 5, (82% survival for 
helicopter transported patients vs. 53% survival for ground 
ambulance patients) (p = 0.001). The time interval be- 
tween accident and admission to the trauma center was 
similar for both groups. However, more therapeutic in- 
terventions by the helicopter team contributed to better 
survival for the air-transported group. These included en- 
dotracheal intubations, (50% for the air group and 25% 
for the ground group), more blood transfusions (32% for 
the air group vs. 10% for the ground group) and larger 
volumes of electrolyte resuscitation (3.3 1 per patient for 
the air group, 2.1 1 for the ground group), as well as an 
increased use of MAST trousers, (60% for the air group 
vs. 35% for the ground group). 

Similar experiences for pediatric air ambulances se- 
ries showed that survival factor was influenced most not 
by how rapidly patients were transferred to the children’s 
trauma center, but how rapidly expert care was admin- 
istered to the child by the air transport group.”” 

Increasing experience with helicopter service tended to 
support the thesis that improved survival was not due 
primarily to a shortened length of time between injury 
and arrival at the trauma center, but more importantly, 
to the decreased interval between the time of injury and 
the start of appropriate and life-saving resuscitative mea- 
sures as implemented by the air transport team at the 
referring hospital. 


Discussion 


The use of the helicopter in EMS has had a significant 
and positive impact on trauma care. This benefit is pri- 
marily due to the integration of the helicopter into a total 
EMS system consisting of organized prehospital care, 
identification of trauma centers, and an overall coordi- 
nation and cooperation within the system itself. The im- 
pressive decrease in mortality for patients transported by 
air from either the scene of an accident or from a referral 
hospital to a tertiary care hospital that has been seen over 
the past 20 years would not have been possible unless a 
total system existed. Experience has shown that establish- 
ment of a helicopter service by itself without an organized 
EMS system has only led to chaos, not improvement in 
care. 

Because of some poor experiences, standards for heli- 
copter use have been developed, including medical criteria 
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explicitly calling for physician involvement and a time 
difference between ground and air transport to definitive 
care that is in the range of 15 minutes. Other guidelines 
require that there be total integration of helicopter service 
into the EMS system, that the helicopter program have a 
specially designated air ambulance that is not a multi- 
purpose craft, and that the ship be equipped and staffed 
by personnel with advance life support training as well as 
have a designated medical director. Implementation of 
these standards will minimize the misuse of a helicopter 
for inappropriate transfers of nonemergency patients.°*? 

Helicopter service has had a marked impact on im- 
proving survival particularly of that group of patients with 
low trauma scores (i.e., those with the most significant 
injuries). Careful triage is the most important initial step 
in the use of the helicopter for patient transfer. Continuous 
effort to improve scene triage is Important, because it is 
very difficult for initial responders, who may be inexpe- 
rienced, to accurately identify high-risk patients.*!*? 
Triage for inter-hospital transfer has improved signifi- 
cantly in recent times because this type of communication 
involves physician-to-physician contact. 

The benefit of civilian helicopter programs has resulted 
from extension of hospital emergency capabilities to a 
select percentage of critically ill and injured patients. The 
essential components that have resulted in improved out- 
come are specially trained and experienced personnel, 
highly sophisticated equipment, and medical control. 
Staffing for helicopter services have become a key issue, 
however; nurse-nurse or nurse-paramedic combinations 
comprise the majority of helicopter medical care team. 
Although ground ambulance personnel may be trained 
for the paramedic level, their ongoing training and fre- 
quency of treating critically injured patients is less than 
that of air ambulance crews. Training and experience is 
the primary corollary of critical care medicine related to 
success. The helicopter medical teams are capable of per- 
forming a variety of life-saving interventions not possible 
by even the most skilled ambulance team care. Through 
communication systems to the base hospital, these per- 
sonnel also become an extension of the physician himself, 
and under proper direction can provide care that is not 
possible by ground prehospital personnel or the emergency 
room physician who only occasionally treats critically 
traumatized patients. 

Medical control of a helicopter service is another key 
factor in its success. An experienced medical director de- 
velops and approves protocols that can be used in routine 
care and is also available for direct orders for changing 
patient conditions. A frequent audit of medical flight rec- 
ords and ongoing care by the helicopter service has in- 
creased survival and provided quality assurance. 
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Reports presented here in this review demonstrate 
clearly that the interval between the accident and arrival 
of the helicopter medical personnel at the scene of the 
accident or outlying hospital—not the speed with which 
the patient is delivered to the care facility—is the key 
factor in Improving survival. 

Helicopter programs remain expensive and therefore 
require regulations for safety and effectiveness. Safety has 
become an increasing concern, particularly with regard 
to scene response. Therefore, careful triage is mandatory, 
and the recent emphasis has been that a helicopter service 
be a second responder after triage occurs. Implementing 
designated landing zones in each region rather than relying 
on response directly to the scene also are factors that in- 
crease safety for the crew and patients. Helicopter safety 
programs that include proper education of the public 
agency that is involved in scene response will minimize 
the risks otherwise faced by ground health care providers 
as well as bystanders at the areas where the helicopter 
lands. 
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Studies have shown that MEFOXIN® (Cefoxitin Sodium, 
MSD) has clinical efficacy comparable to combination 
therapy (clindamycin plus gentamicin) in intraabdominal+ 
and gynecological? infections. 


. In intraabdominal infections, the cure rate was 91% for 


MEFOXIN and 93% for the combination. Any patient who 
had a subfascial or intraabdominal purulent collection, 
cellulitis of the wound, or had signs of persistent sepsis 
on therapy was considered a failure.* 


In gynecological infections, the cure rate was 90% for 
MEFOXIN and 84% for the combination. Patients were 
considered to be antibiotic treatment failures if surgery 
was needed or if no improvement took place within 36 to 
48 hours, at which time antibiotic therapy was changed.? 


MEFOXIN is contraindicated in patients who have shown 
hypersensitivity to cefoxitin and the cephalosporin group 
of antibiotics. Before therapy with MEFOXIN is instituted, 
careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to 
cefoxitin, cephalosporins, penicillins, or other drugs. 
This product should be given with caution to penicillin- 
sensitive patients. 


Pseudomembranous colitis, from mild to life-threatening 
in severity, has been reported with virtually all antibiotics 
(including cephalosporins); therefore, it is important to 
consider its diagnosis when diarrhea develops in 
association with antibiotic use. 





C1 Comprehensive coverage* of 
Bacteroides fragilis group. Percent 
susceptible at 16 mcg/mL: B. fragilis 
(91%), B. thetaiotaomicron (84%), 
B. distasonis (78%), B. vulgatus 
(88%), and B. ovatus (79%)** 


L Consistent activity* (virtually 
unchanged over time) against 
Bacteroides fragilis 


*In vitro activity does not necessarily imply jn vivo effectiveness. 


**Based on Antibiotic Susceptibility Reports, National Summary, in The 
Bacteriologic Report: Volume | 1987, Totowa, NJ, BAC-DATA® Medical 
Information Systems, Ine, , 1987. 


1, Heseltine, P N.R. etal.: The efficacy of cefoxitin vs. clindamycin/ 
gentamicin in surgically treated stab wounds of the bowel, 
J, Trauma 26(3):241-245, March 1986, 

2. Larsen, J.W., Jr., Voise, C.T., and Grossman, J.H.: Comparison of 
cefoxitin and clindamycin-gentamicin for pelvic infections, Clin. 
Ther. 9(1):77-83, 1986. 
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indications and Usage: Feaiment—Serious infections caused by susceptible stains 
of the designated microorganisms in the following diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, 
caused by Streptococcus pneumoniae, other streptococci (excluding enterococci, e3., 
Strep. faecalis}, Staphylococcus aureus (penicillinase and non-penicillinase produc nd), 
Escherichia coli, Klebsiella species, Hemophilus influenzae, and Bacteroides species. 
GENITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, K'ebsiellé 
species, Proteus mirabilis, indole-positive Proteus (which include the organisms new 
called Morganella morganii and Proteus vulgaris}, and Providencia species (includ.ng 
Providencia retigeri). Uncomplicated gonorrhea due to Neisseria gonorrhoeae 
(penicillinase and non-penicillinase producing). 

INTRA-ABDOMINAL INFECTIONS, including peritonitis and jatra-abdominal abscess, 
caused by £. coli, Klebsiella species, Bacteroides species including the B. fragilis 
group,* and Clostridium species. 

GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic 
inflammatory disease, caused by £. cofi, N. gonorrhoeae (penicillinase and non- 
penicillinase producing), Bacteroides species including the &. fragilis group,* 
Clostridium species, Peptococcus species, Peptostreplococcus species, and group B 
streptococci. 

SEPTICEMIA caused by Strep. pneumoniae, Staph. aureus (penicillinase and non- 
penicillinase producing), E. coli, Klebsiella species, and Bacterofaes species including 
the B. fragilis group.* 

BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase producing). 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase aid 
hon-penicillinase producing), Staph. epidermidis, streptococci (excluding enterococe, 
e.g., Strep. faecalis), E. colt, P mirabilis, Klebsiella species, Bacteroides species incl ding 
the 2. fragilis group,* Clostridium species, Peptococcus species, and Pepto- 
streptococcus species. 

Although padi culture and susceptibility studies should be performed, therapymay 
be started while awaiting these results. Cefoxitin is not active /a vitro against most steins 
of Pseudomonas aeruginosa and enterococci (e.g., Strep. faecalis) and many strains 3f 
la cloacae. Methicillin- resistant staphylococci are almost uniformly resistant to 
cefoxitin 

Prevention—Prophylactic use in surgical procedures (e.g., hysterectomy, gastrointest nal 
surgery, cesarean section, transurethral prostatectomy) classified as contaminated or 
potentially contaminated or in patients in whom subsequent infection at the operative site 
would present a serious risk, e.g., prosthetic arthroplasty. 

MEFOXIN® (Cefoxitin Sodium, MSD) usually should be given % to 1 hour before surcery 
and should usually be stopped within 24 hours since continuing administration of any 
antibiotic increases the possibility of adverse reactions but, in the majority of surgical 
procedures, does not reduce the incidence of subsequent infection. However, in patiercs 
undergoing prosthetic arthroplasty, it is recommended that MEFOXIN be continued for 72 
hours after the surgical procedure. If there are signs of infection, specimens for culture 
should be obtained for identification of the causative organism so appropriate ‘reatmert 
may be instituted. 

ee Previous hypersensitivity to cefoxitin and the cephalosporin groJp 
of antibiotics. 

Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE 
TO DETERMINE PREVIOUS HYPERSENSITIVITY REACTIONS T3 CEFOXITIN, 
CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, 
PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS, 
DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE 
EPINEPHRINE AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis, from mild to life-threatening in severity, has 
been reported with virtually all antibiotics (including cephalosporins); 
therefore, it is important to consider its diagnosis when diarrhea develops in 
association with antibiotic use. Broad-spectrum antibiotics alter normal flora of 
colon and may permit overgrowth of clostridia; a toxin produced by Clostridium dificil is 


a primary cause of antibiotic-associated colitis. Mild cases may respord ‘to cug 


discontinuance alone; in more severe cases, management may include sigmoidoscopy, 
appropriáte bacteriological studies, fluid, electrolyte and protein supplementation, and use 
of a drug such as oral vancomycin; isolation of the patient may be advisable. Other causes 
of colitis shouid also be considered. 
Precautions: Genera/—Total daily dose should be reduced in patients with reduced 
urinary output due to renal insufficiency because high and prolonged serum antibiotic 
concentrations can occur from usual doses. Prescribe with caution in patients with a 
history of gastrointestinal disease, particularly colitis. Prolonged use may result in 
overgrowth of nonsusceptible organisms; repeated evaluation of the patient's condition is 
essential. If superinfection occurs, take appropriate measures. 
Drug Interactions—increased nephrotoxicity has been reported following concomitant 
administration of cephalosporins and aminoglycoside antibiotics. 
Drug/taboratory Test interactions—High concentrations {> 100 mcg/mL) may interfere 
with measurement of serum and urine creatinine levels by the Jaffé reaction and produce 
false increases of modest degree in creatinine levels reported; serum samples should not 
be analyzed for creatinine if withdrawn within 2 hours of cefoxitin administration. High 
concentrations may interfere with measurement of urinary 17-hydroxy-corticosteroids by 
the Porter-Silber reaction and produce false increases of modest degree in levels reported. 
A false-positive reaction for glucose in urine has been observed with CLINITEST** 
reagent tablets. 
Carcinogenesis, Mutagenesis, Fertility impairment—No long-term animal study has been 
performed on carcinogenic or mutagenic potential. Rat studies at approximately three times 
maximum recommended human dosage revealed no effects on fertility or mating ability. 
Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic 
or fetal toxic effects, although fetal weights were slightly decreased. In rabbits, cefoxitin 
was associated with a high incidence of abortion and maternal death, neither considered 
teratogenic. There are, however, no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 
Nursing Mothers—Excreted in human milk: Exercise caution. 
Pediatric Use-—-Satety and efficacy in infants from birth to three months have not yet been 
established. In children three months and older, higher doses have been associated with 
increased incidence of eosinophilia and elevated SGOT. 
Adverse Reactions: The most common adverse reactions have been local reactions 
following intravenous or intramuscular injection. Other adverse reactions have been 
encountered infrequently. Loca/ Reactions—Thrombophlebitis with intravenous 
administration; pain, induration, and tenderness after intramuscular injections. Allergic 
Reactions——Rash (including exfoliative dermatitis), pruritus, eosinophilia, fever, and other 
allergic reactions including anaphylaxis. Cardiovascular—Hypotension. 
Gastrointestinal—Diarrhea, including documented pseudomembranous colitis during or 
after treatment, and, rarely, nausea and vomiting. Blood —Eosinophilia, leukopenia 
including granulocytopenia, neutropenia, anemia, including hemolytic anemia, 
thrombocytopenia, and bone marrow depression. A positive direct Coombs test may 
develop in some individuals, especially those with azotemia. Liver Funetion—Transient 
elevations in SGOT, SGPT, serum LDH, and serum alkaline phosphatase; jaundice. Renal 
Function-—Elevations in serum creatinine and/or blood urea nitrogen levels and, rarely, 
acute renal failure. 
Note: In group A beta-hemolytic streptoceccal infections, therapy should be maintained 
for at least 10 days to guard against the risk of rheumatic fever or glomerulonephritis. In 
Staphylococcal and other infections invelving a collection of pus, surgical drainage should 
be carried out where indicated. Intramuscular injections should be well within the body of 
a relatively large muscle such as the upper outer quadrant of the buttock (i.e., gluteus 
maximus); aspiration is necessary to avoid inadvertent injection into a blood vessel. The 
total daily dosage in infants and children should not exceed 12 grams. 
How Supplied: Sterile cefoxitin sodium in vials, infusion bottles, and ADD-Vaniage®t 
vials containing 1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. 

* B. fragilis, B. distasonis, B. ovatus, B. thelaiolaomicron, B. yulgatus 
+x Registered trademark af Ames Company, Division of Miles Laboratories, lnc. 

+ Registered trademark of Abbott Laboratories, Inc. 
For more deiailed information, consult your MSD Represeniative or see 
Prescribing information. Merck Sharp & Dohme, Division of Merck & Go., 


inc., West Point, PA 19486 J7MF60MR2tI28) DOHME 





Perioperative Blood Transfusions are Associated 
with Decreased Time to Recurrence 

and Decreased Survival after Resection 

of Colorectal Liver Metastases 





KEITH R. STEPHENSON, M.D., SETH M. STEINBERG, PH.D., KEVIN $. HUGHES, M.D., JOHN T. VETTO, M.D., 


Data from fifty-five patients who had hepatic resections for co- - 


lorectal liver metastases at the National Cancer Institute (NCI) 
were analyzed to determine the effect of perioperative blood 
transfusions on disease recurrence and overall survival. Besides 
blood transfusions, other factors included in the analysis were 
size, number, and distribution of metastases, margin status of 
resected metastases, length of disease-free interval, Duke’s stage 
of the primary tumor, type of hepatic resection, and anesthesia 
time. Using the Cox proportional hazards model, the amount of 
blood transfused was found to be a significant prognostic factor. 
For each additional unit of blood transfused the risk of disease 
recurrence and death was increased by 5% (p = 0.0015) and 7% 
(p = 0.0013), respectively. The median disease-free survival for 
patients who received 3-5, 6-10, and >11 transfused units was 
26, 12.1, and 11.4 months, respectively. The median overall sur- 
vival for patients who received 3-5, 6-10, and =11 transfused 
units was >44, 39.2, and 33.6 months, respectively. The number 
of resected nodules (1-2 vs. =3), type of resection (anatomic 
lobectomy vs. wedge resection), and nodule size (<3.0 cm ys. 
>3.0 cm) were additional factors that were further evaluated to 
determine the effect of blood transfusions. Analyses stratified 


for each of these factors revealed that patients who received =11 . 


units of blood had a significantly decreased disease-free and 
overall survival compared with patients who received 3=10 units 
of blood. It is concluded that the amount of perioperative blood 
transfused is an independent prognostic factor that adversely 
effects disease-free and overall survival. 


is improved by blood transfusions before transplan- 
tation.'"® Even one transfusion can have a significant 
effect on renal allograft survival, and whole blood trans- 
fusions are now routinely administered to patients before 
renal allotransplantation is performed.** Transfusions 
appear to exert an immunomodulatory effect on the host, 
although the exact mechanism of this effect on graft sur- 
vival is unknown.*” Immunologic abnormalities described 
in patients receiving multiple blood transfusions include 


I T IS WELL-ESTABLISHED that renal allograft survival 


Reprint requests and correspondence: Dr. Alfred E. Chang, Depart- 
ment of Surgery, University of Michigan, Ann Arbor, Michigan 48109. 
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reduced natural killer cell function, depressed lymphocyte 
responses to mitogens, and elevation of HLA-DR expres- 
sion on T cells.!°!! In addition, immunosuppressed pa- 
tients have been documented to be at an increased risk 
for the development of malignant tumors.” 

Because of the immunomodulatory effects of blood 
transfusions, the possibility exists that perioperative blood 
transfusions may effect the outcome of surgically treated 
cancer patients. Several reports have suggested that peri- 
operative blood transfusions might be associated with 
higher rates of recurrence in patients undergoing resection 
of primary extremity soft-tissue sarcomas, and colorectal, 
gastric, breast, and lung carcinomas.'** To further ex- 
plore this effect, we have performed a retrospective eval- 
uation of perioperative blood transfusions on disease re- 
currence and survival in patients undergoing resection of 
isolated colorectal liver metastases at the National Cancer 
Institute (NCI). 


Methods 
Patient Population 


Fifty-nine consecutive patients who underwent hepatic 
resection for isolated metastatic colorectal cancer at the 
NCI between 1976 and 1985 were studied. Four patients 
were excluded from the analysis because of insufficient 
data related to perioperative transfusions. Patients un- 
derwent hepatic resection only after a preoperative work- 


‘ up and intraoperative surgical exploration ruled out the 


presence of discontiguous extrahepatic tumor. Patients 
received whole blood or packed RBCs during the peri- 
operative period, which was defined as the interval during 
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TABLE 1. Patient Characteristics 
Characteristic n (%) 
Total 55 (100) 
Sex 
Male 35 (64) 
Female 20 (36) 
Age (years) 
21-30 1 (2) 
31-40 2 (4) 
41-50 8 (15) 
51-60 26 (47) 
61-70 17 (31) 
71-80 I (2) 
Duke’s stage 
A 1 (2) 
B 23 (42) 
C 31 (56) 
Number of hepatic metastases 
l 23 (42) 
2 10 (18) 
3 © 9 (16) 
>3 13 (24) 
Maximum size of metastases 
<3 cm 22 (40) ’ 
>3 cm 31 (56) 
Unknown 2 (4) 
Distribution of metastases 
Unilobar 22 (40) 
‘ Builobar 20 (36) 
Unknown 13 (24) 
Margins of resection 
Negative l 49 (73) 
Positive 10 (18) 
Unknown 5 (9) 
Disease-free interval 
<12 months 33 (60) 
>12 months 22 (40) 
Type of resection 
Major 30 (64) 
Minor 25 (36) 
Anesthesia time (min) 
200-299 5 (9) 
300-399 13 (24) 
400-499 21 (38) 
500-599 12 (22) 
600-699 4 (7) 
Units of blood transfused 
3 7 (13) 
4 2 (4) 
5 10 (18) 
6 13 (13) 
8 2 (4) 
9 4(7) 
10 3 (6) 
l1 1 (2) 
12 3 (6) 
13 1 (2) 
14 1 (2) 
215 7 £13) 


surgery and the first 2 postoperative weeks. Fresh frozen 
plasma and platelet transfusions were not included. The 
number of blood units transfused in this patient popu- 
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lation are listed in Table 1. After the operation, patients 
were followed on a regular basis at intervals of 3 to 6 
months. Routine studies performed at each visit included 
CEA levels, chemistry profile, complete blood count, chest 
x-ray, chest computed tomography (CT), abdominal CT, 
and annual barium enema. Median potential oe aE 
for these patients is 4.4 years. 


Statistical Analysis 


The following factors were considered for prognostic 
effect (Table 1): perioperative blood units, anesthesia time, 
number of resected metastatic nodules, size of resected 
nodules, distribution of nodules (bilobar vs. unilobar), type 
of hepatic resection (anatomic lobectomy vs. wedge re- 
section), margin status of resection (positive vs. negative), 
Duke’s stage of the primary tumor, and the disease-free 
interval (time from primary colon resection to diagnosis 
of hepatic metastases). A Cox proportional hazards model 
was used to identify which independent factors had a 
jointly significant influence on disease-free and overall 
survival.” Curves depicting probability of second recur- 
rence (disease-free) and overall survival as a function of 
time were constructed according to the method of Kaplan 
and Meier.” Curves were compared using the Mantel- 


-~ Haenzel test.” All p-values are two-sided. 


Results 


The patient population consisted of 55 patients who 
underwent hepatic resection of isolated colorectal liver 
metastases. The median time to second recurrence after 
resection was 15.5 months, with a 5-year disease-free sur- 
vival of 20%. The median survival after resection was 39.7 
months, with a 5-year overall survival of 30%. 


Units of Blood Transfused 


A Cox proportional hazards model was used to examine 
the prognostic impact of blood transfusions, number, size, 
and distribution of liver metastases, margins of resection, 
type of resection, Dukes’ stage of primary, disease-free 
interval, and anesthesia time. This analysis revealed that 
an increase in the number of units of blood transfused 
was associated with a decreased time to second recurrence 
and a decreased survival (Table 2). For each additional 
unit of blood transfused and each additional metastatic 
nodule, the risk of second recurrence was increased by 
5% (p = 0.0015) and 10% (p = 0.016), respectively. The 


number of units of blood transfused, the size of the met- 


astatic tumor, and the number of metastatic nodules were 
independent factors that jointly predicted overall survival. 
For each additional unit of blood transfused, centimeter 
increment in tumor size and tumor nodule, the risk of 
death was increased by 7% (p = 0.0013), 21% (p = 0.015), 
and 15% (p = 0.0024), respectively (Table 2). 
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When the units of blood transfused are grouped into 
3-10 and =11 unit categories, the median disease-free 
survival was 19.8 and 11.4 months, respectively. The dis- 
ease-free survival curves differed significantly and are 
shown in Figure 1A (p = 0.008). The median overall sur- 
vival for 3-10, and =11 unit categories was 44.1 and 33.6 
months, respectively. Overall survival curves for these two 
groups differed significantly and are shown in Figure 1B 
(p = 0.008). 

A two-sample t-test comparing the preoperative he- 
moglobin values between the patients who received 3—10 
and those who received =11 transfused units revealed no 
significant differences. A similar analysis revealed that the 
mean anesthesia time for patients who received 3—10 ver- 
sus =11 transfused units was significantly different at 430 
versus 496 minutes, respectively (p = 0.041). However, 
anesthesia time was not a factor identified by the Cox 
proportional hazards model that had an effect on prog- 
nosis. 


When number of transfused units were divided into . 


three groups, there was a consistent relationship between 
the number of transfused units and disease-free and overall 
survival. The median disease-free survival for patients who 
received 3-5, 6-10, and =11 units was 26.0, 12.1, and 
11.4, respectively. The median overall survival for patients 
who received 3--5, 6-10, and 211 units was >44, 39.2, 
and 33.6 months, respectively. 

Intraoperative factors that may influence the number 
of units transfused perioperatively are the number of me- 
tastases resected, the size of the metastases, or the type of 
resection performed. These variables were examined in 
conjunction with units of transfused blood in order to 
determine if they could account for the effect of blood 
transfusion on disease-free and overall survival. 


Units Transfused and Number of Metastatic Nodules 
Resected 


The median disease-free survival for patients who had 
resection of 1-2 nodules was 20.7 months compared with 
11.3 months for those who had resection of =3 nodules, 
with the curves not differing significantly (p = 0.116). 
There was a trend towards improved overall survival in 
patients who had resection of 1-2 nodules compared with 
those who had resection of =3 nodules (p = 0.09), with 
the median overall survivals being 43.8 and 36.5 months, 
respectively. 

The influence of blood transfusions on patients who 
underwent resection of 1-2 nodules versus those who un- 
derwent resection of =3 nodules was examined. Of the 
patients who had resection of 1-2 nodules, those who 
received 3-10 and =11 units of blood had median disease- 
free survivals of 25.1 and 10.1 months, respectively (p 
= 0.012) (Fig. 2A). Within this same group, patients who 


EFFECTS OF BLOOD TRANSFUSIONS ON CANCER RECURRENCE 


681 
TABLE 2, Cox Proportional Hazards Model Analysis 
Estimate of p Relative 
Factor Parameter Value Risk 
Survival 
Units transfused .072 .0013 1.07 
Maximum dimension of 
largest metastasis .194 O15 1.2} 
Number of metastatic 
nodules .142 .0024 1.15 
Time to second recurrence 
Units transfused 052 015 1.05 
Number of metastatic 
nodules 095 O16 1.10 


received 3—10 and =11 units of blood had median overall 
survivals of >53 and 23.0 months, respectively (p = 0.002) 
(Fig. 2B). For the patients who had resection of =3 nod- 
ules, there was no significant difference in disease-free or 
overall survival for those who received 3-10 and >11 units 
of blood (Figs. 2C and D). An analysis stratified for num- 


_ ber of resected nodules (1-2 and =3 nodules) revealed a 


significantly decreased disease-free and overall survival (p 
= 0,04, p = 0.03, respectively) for patients who received 
211 units compared with those who received 3-10 units 
of transfused blood. 


PERCENT WITHOUT SECOND 
RECURRENCE 
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Fics, 1A and B. Effect of perioperative blood transfusions in patients 
with resection of colorectal liver metastases. Curves depict patients who 
received transfusions of 3-10 (square) and 211 (circle) units of blood. 
(A) Disease-free survival. (B) Overall survival. 
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Units Transfused and Size of Nodules Resected 


The size of the largest resected nodule for each patient 
had a significant impact on overall survival (p = 0.015). 
When the greatest dimension of the largest nodule was 
<3 cm, the median overall survival was 48.6 months, it 
was 36.1 months when the largest nodule was >3 cm. 
Disease-free survival was not significantly effected by 
nodule size. | . 

An analysis of patients with nodules < 3 cm versus 
those with nodules > 3 cm was performed in association 
with units of blood transfused. Of the patients who had 
resection of nodules < 3 cm (Fig. 3B), the group that 
received 3-10 transfused blood units had a longer overall 
survival compared with patients who received =11 units 
(p = 0.023), with median survivals of 64.6 and 33.6 
months, respectively. Also, for patients with resection of 
nodules < 3 cm (Fig. 3A), the group that had 3-10 units 
transfused tended to have an improved disease-free sur- 
vival compared with patients that received >11 units (p 
= 0.124), with median disease-free intervals of 13.4 and 
8.7 months, respectively. | 

- For patients with resection of nodules > 3 cm (Fig. 3C), 
those who received 3~10 transfused units had an improved 
disease-free survival compared with those who had =11 
units (p = 0.046) with median disease-free intervals of 
19.7 and, 11.6 months, respectively. Of the patients who 
had nodules > 3 cm resected, overall-survival was not 
significantly different for those who received 3~10 trans- 
fused units compared with those who received = 11 trans- 
fused units (Fig. 3D). An analysis stratified for tumor size 
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Fics. 2A-D. Effects of peri- 
operative blood transfusions 
in patients who had resection 
of 1-2 versus =3 metastatic 
liver nodules. Curves depict 
patients who received trans- 
fusions of 3-10 (square) and 
211 (circle), units of blood. 
(A) Disease-free survival (1- 
2 nodules). (B) Overall sur- 
vival (1-2 nodules). (C) Dis- 
ease-free survival (=3 nod- 

- ules). (D) Overall survival 
(=3 nodules). 


(<3 cm vs. >3 cm) revealed a significantly decreased dis- 
ease-free and overall survival (p = 0.012, p = 0.03, re- 
spectively) for patients who received =11 units of trans- 
fused blood compared with those who received 3-10 units. 


Units Transfused and Type of Hepatic Resection 


The type of hepatic resection was categorized as a major 
or minor resection. A major resection was defined as any 
anatomic lobectomy (i.e., right or left lobectomy, lateral 
segmentectomy or trisegmentectomy). A minor resection 
was defined as any number of wedge resections. Patients 
who underwent both types of resections for multiple nod- 
ules were considered as having had a major resection. 
There was no significant difference in disease-free survival 
in patients undergoing major versus minor hepatic resec- 
tion with median disease-free intervals of 18.2 and 13.2 
months, respectively. Also there was no significant differ- 
ence in overall survival in patients who underwent major 
versus minor resection, with median survivals of 40.5 and 
38.6 months, respectively. 

For patients who underwent minor resection, the group 
that received 3-10 units of blood perioperatively had a 
significantly greater overall survival compared with the 
group who received =11 units (p = 0.019), with median 
survivals of 40.6 and 28.1 months, respectively, (Fig. 4B). 
Of the patients who underwent minor resections, there 
was a trend toward improved disease-free survival for pa- 
tients who received 3-10 transfused units compared with 
those who received =11 transfused units (Fig. 4A), but 
this was not statistically significant (p = 0.16). 
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Fics. 3A-D. Effect of peri- 
operative blood transfusions 
in patients with resection of 
metastatic nodules < 3 cm 
versus >3 cm in size (maxti- 
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who received transfusions of 
3-10 (square) and >11 (cir- 
cle) units of blood. (A) Dis- 
ease-free survival (nodules 
<3 cm). (B) Overall survival 
(nodules <3 cm). (C) Dis- 
ease-free survival (nodules 
> 3m). (D) Overall survival 
(nodules > 3.0 cm). 
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For patients who underwent major hepatic resections, 
the group that received 3~10 units of blood compared 
with those who received =11 units had median disease- 
free survivals of 24.5 and 11.9 months, respectively, which 
were significantly different (p = 0.023) (Fig. 4C). The 
overall survival curves of patients who had major hepatic 
resections and received 3-10 units of blood compared 
with those who received =11 units are shown in Figure 
4D. There was a trend towards improved survival for pa- 
tients who received 3-10 units (median survival not yet 
attained) compared with those who received =11 units (p 
= 0.122) that was associated with a median survival of 
31.5 months. An analysis stratified for type of hepatic 
resection (major vs. minor) revealed a significantly de- 
creased disease-free and overall survival (p = 0.009, p 
= 0.007, respectively) for patients who received >11 units 
compared with those who received 3-10 units of trans- 
fused blood. 


Units Transfused and Status of Resection Margins 


‘One possible explanation for increased blood transfu- 
sions during hepatic resections may be the location or 
involvement of the tumor(s) in relationships to normal 
structures (7.e., vena cava, hepatic vein, diaphragm, and 
kidney). Tumors that are difficult to resect and may re- 
quire more intraoperative blood transfusions, may also 
be prone to result in positive resection margins. An anal- 
ysis of patients with negative resection margins versus 
positive resection margins was performed in association 
with units of blood transfused. Patients who had positive 
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margins uniformly did poorly no matter how many trans- 
fusions they received (Fig. 5). There was a trend towards 
improved disease-free (p = 0.086) and overall survival (p 
= 0.065) in patients with negative resection margins who 
received 3—10 transfused units compared with those who 
received >11 units. 


Discussion 


This was a retrospective evaluation of the effect of peri- 
operative blood transfusions 1n 55 patients who underwent 
hepatic resection of colorectal metastases at the NCI from 
1976 to 1985. Using a Cox proportional hazards analysis, 
factors examined in addition to blood transfusions in- 
cluded the number, size, and distribution of liver metas- 
tases, margins of resection, type of hepatic resection, 
Duke’s stage of primary, disease-free interval and anes- 
thesia time. Some of these factors have been considered 
important determinants of survival in patients undergoing 
metastasectomy for colorectal liver metastases. Hughes 
and co-workers identified number of metastases, margins 
of resection, Duke’s stage of the primary tumor, and pres- 
ence of discontiguous extrahepatic disease as significant 
prognostic factors when reviewing the outcome of a col- 
lected series of 859 patients undergoing resection of co- 
lorectal metastases.”® We did not include presence of dis- 
contiguous extrahepatic disease because patients in our 
series who had known extrahepatic disease at the time of 
hepatic resection were excluded from analysis. Other fac- 
tors, such’ as size and distribution of metastases, type of 
hepatic resection, and anesthesia time-# Té included in 
A aAa e 
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the analysis because of their possible influence on the 
magnitude of the surgical resection and hence the amount 
of blood transfused. 

The Cox proportional hazards model identified that 
each additional unit of blood transfused had an adverse 
effect on disease-free and overall survival (Table 2). For 
patients who received 3-10 units of transfused blood, the 
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MAJOR RESECTIONS 


Fics. 4A-D. Effect of peri- 
operative blood transfusions 
in patients who had major 
versus minor hepatic resec- 
tions. Curves depict patients 
who received transfusians of 
3-10 (square) and 2i1 (cir- 
cle) units of blood. (A) Dis- 
ease-free survival (minor re- 
section). (B) Overall survival 
(minor resection). (C) Dis- 
ease-free survival (major re- 
section). (D) Overall survival 
(major resection). 
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disease-free and overall survivals were significantly better 
compared with patients who received =11 transfused units 
(p = 0.008). To account for factors that may influence 
the number of perioperative blood transfusions, analyses 
stratified for the number of nodules resected (1-2 vs. =3), 
type of resection (lobectomy vs. wedge), and size of lesion 
(<3 cm vs. >3 cm) were performed. All these analyses 


POSITIVE MARGINS 


Fics. SA~D. Effect of peri- 
operative blood transfusions 
in patients who had nega- 
tive versus positive resection 
margins. Curves depict pa- 
tients who received trans- 
fusions of 3-10 (square) 
and >11 (circle) units of 
blood, (A) Disease-free sur- 
vival (negative margin), (B) 
Overall survival (negative 
margin). (C) Disease-free 
survival (positive margin). 
(D) Overall survival (positive 
margin). 
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revealed a significantly poorer disease-free and overall 


survival when patients were administered >11 transfused ` 


units compared as to 3-10 units. Another possible factor 
that is difficult to quantify is location of tumor that might 
make resection technically difficult and therefore more 
prone to require increased amounts of perioperative 
transfused blood. To help address this issue, we examined 
the effect of margin status. Tumors that are difficult to 
resect may be prone to result in positive resection margins. 
We found that patients with positive margins did poorly 
no matter how many transfusions they received. However, 
there was a trend towards improved disease-free and 
overall survival in-patients who received 3—10 units of 
blood compared with those who received =11 units. All 
of the analyses suggested that for patients with tumors 
associated with poorer prognosis (i.e. =3 nodules, >3 cm 
in size, positive resection margin), the effect of perioper- 
ative transfusions on overall survival was no longer 
present. 

Other investigators have reported that perioperative 
transfusions effect the survival of cancer patients." Ro- 
senberg and co-workers evaluated 156 patients with pri- 
mary high-grade extremity soft-tissue sarcomas and found 
that a direct relationship existed between the number of 
transfusions administered and a decreased disease-free and 
overall survival.'? Patients who received transfusions had 
a 5-year survival of 63% compared with that of 85% for 
patients who did not receive transfusions (p < 0.0001). 
For breast cancer, Tartter et al. reported evidence that 
perioperative blood transfusions had an adverse effect on 
disease recurrence in 169 patients undergoing mastec- 
tomy.” The 5-year disease-free survival probability for 
patients who received transfusions was 50% compared 
with 65% for patients who had not received blood (p 
= 0.021). These results were not confirmed by Foster et 
al., who examined 226 patients who underwent mastec- 
tomies for breast cancer.” Hymen et al. reported a study 
of 155 lung cancer patients and found that the 5-year 
survival probability for patients undergoing curative re- 
section was 44% in the nontransfused patients and only 
27% in the transfused patients.*? Tartter and co-workers 
confirmed the adverse effect of perioperative blood trans- 
fusions on the survival of patients who underwent resec- 
tion of Stage I non-oat cell lung cancer.” There have been 
several reports documenting the adverse effect of blood 
transfusions in patients with operable colon cancer.'*?° 
Foster et al. analyzed 146 patients with operable colorectal 


cancer and found the relative risk of death due to cancer — 


in transfused patients versus nontransfused patients was 
2.3.'4 Blumberg et al. reported that in 197 patients who 
underwent colectomy, disease recurred in six of 68 patients 
(9%) not transfused and in 56 of 129 (43%) who received 
transfusion (p < 0.0001).'° Similarly, Burrows and Tartter, 
Parrott et al., and Creasy et al. reported that in patients 
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who had resection of Duke’s stage B2, C1, and C2 colon 
cancer, there was a statistically increased recurrence rate 
in transfused patients compared with nontransfused pa- 
tients. '>:!?-?° By contrast, there are several reports that do 
not support the adverse relationship of blood transfusions 
on disease recurrence for colon cancer.*°-*4 

There is clinical data to suggest that blood transfusions 
do have an immunomodulatory role in humans. The as- 
sociation of pretransplant blood transfusions and im- 
proved renal allograft survival is now generally accepted. 
Opelz et al. has reported a prospective study that dem- 
onstrated a |-year graft survival of 23% in patients who 
had received no pretransplant transfusion, compared with 
an 87% graft survival probability for patients who had 
received more than ten transfusions (p < 0.000001).* Even 
one pretransplant transfusion has been associated with 
significantly improved allograft survival. Opelz has sug- 
gested that the enhancing effect of pretransplant blood 
transfusions is improved when whole blood or packed 
cells are used, compared with transfusions depleted of 
white blood cells—that is, frozen or washed blood. How- 
ever, Sanfilippo and co-workers studied 3500 patients who 
had renal allografts and found no difference in the en- 
hancing effect of pretransplant transfusions among frozen, 
washed, and packed blood.’ The combination of drug- 
induced immunosuppression required tn renal transplant 
patients and the use of pretransplant blood transfusions 
is thought to be critical in the phenomena of enhanced 
allograft survival associated with blood transfusions.* The 
exact mechanism causing blood transfusions to be asso- 
ciated with an increased risk of cancer recurrence is un- 
known and may or may not be related to the immuno- 
modulatory role of blood transfusions documented in the 
human renal transplant setting. 

There are very few reported animal models that have 
been used in examining the immunomodulating effects 
of blood transfusions. Monaco and co-workers have de- 
veloped a murine skin allograft model in which hosts, 
immunosuppressed with antilymphocyte sera, will have 
prolonged skin allografts when pretreated with donor spe- 
cific or nonspecific blood transfusions, depending on the 
strain combination.*> Marquet et al. has demonstrated 
the ability to adoptively transfer ‘‘suppressor” splenocytes 
from rats receiving donor specific allogenic blood trans- 
fusion that will enhance rat cardiac allografts in irradiated 
or normal hosts.*° Normal splenocytes would not confer 
this effect in the same model. In normal mice, Wood et 
al. reported that there was depressed T cell function in 
the spleen after a single allogeneic transfusion as measured 
in proliferative responses and the generation of cell-me- 
diated cytotoxicity in one-way mixed lymphocyte cul- 
tures.” These findings persisted at least 50 days after a 
single transfusion. Waymack et al. demonstrated that 
normal rats had an impaired resistance to an intraperi- 
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toneal challenge of Escherichia coli when given allogeneic 
but not syngeneic blood transfusions. 

Several animal models have been reported that examine 
the relationship of blood transfusions on tumor growth. 
In 1981, Francis and Shenton reported that allogeneic 
blood transfusions in a rat model resulted in increased 
growth of a transplantable chemically-induced sarcoma.” 
Horimi et al. demonstrated that an H-2 incompatible 
blood transfusion significantly increased growth of the 
transplantable murine MH 134 hepatoma compared with 
an H-2 compatible blood transfusion.“ This indicated 
that, for the transfusion effect, a major H-2 histocom- 
patibility difference was critical rather than a minor non- 
H-2 difference. In addition, their data revealed that the 
transfusion components that induced increased tumor 
growth included lymphoid cells and plasma, but not red 
blood cells. Kagawa confirmed that a major H-2 difference 
was required for the transfusion effect for the MH 134 
hepatoma and Lewis lung tumor in a murine model.*! 
Francis et al. have subsequently reported that H-2 incom- 
patible allogeneic blood transfusion will induce accelerated 
growth of B16 melanoma in normal, immunocompetent 
hosts, although this effect is not seen in athymic nude 
mice.** This study suggests that the transfusion effect of 
H-2 incompatible blood requires an immunocompetent 
host and involves a cell-mediated immune response which 
is not present in nude mice. Despite the compelling evi- 
dence in animal models documenting the adverse effects 
of allogeneic blood transfusions on tumor growth, other 
studies have been reported that do not document an ad- 
verse effect and, in certain models, have afforded protec- 
tion against tumor engraftment and growth.*?4 

In general, the data from the transplantation literature 
and animal tumor model studies implicate the presence 
of lymphoid cells in the transfused blood as the expla- 
nation for the transfusion effect. However, there may be 
other possible explanations. One possibility is the presence 
of di-2-ethylhexyl phthalete (DEHP), an organic com- 
pound from the plastic used in conventional blood 
bags.*>-*” This compound has been shown to be a carci- 
nogenic promoter and may be associated with immuno- 
suppressive effects. Another possible explanation may be 
the immunosuppressive effects of anesthesia and/or sur- 
gical trauma.*®°° We found that patients who received 
transfusions of =11 units of blood were anesthetized sig- 
nificantly longer than patients who received 3-10 units; 
however, this factor was not shown to be a significant 
determinant of survival when evaluated by the Cox pro- 
portional hazard analysis. 

Our results support previous reports that perioperative 
blood transfusions are associated with increased disease 
recurrence and decreased survival in colorectal cancer pa- 
tients. We have performed several analyses that have ac- 
counted for other known prognostic factors associated 
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with patients with resectable colorectal liver metastases. 
We cannot implicate a direct causal relationship between 
perioperative blood transfusions and an adverse effect on 
disease recurrence and death in this population. This 
would require a prospective randomized trial of patients 
undergoing definitive resections of cancer in which one 
group would receive standard blood transfusions and the 
other group would receive transfusions of blood products 
not thought to induce immune suppression. In the absence 
of such a study, it seems appropriate from the reported 
literature that transfusions should be avoided periopera- 
tively when medically feasible. Perioperative blood trans- 
fusions should be considered a significant prognostic factor 
in the evaluation of disease-free and overall survival in 
patients who undergo resection of colorectal liver metas- 
tases, í 


References 


1. Opelz G, Sengar DPS, Terasaki PI. Effect of blood transfusions on 
subsequent kidney transplants. Transplant Proc 1973; 4:253-259. 

2. van Es AA, Balner H. Effect of pretransplant transfusions on kidney 
allograft survival. Transplant Proc 1979; 11:127-137. > 

3. Opelz G, Terasaki PI. Dominant effect of transfusions on kidney 
graft survival. Transplantation 1980; 29:153-158. 

4, Opelz G, Graver B, Terasaki PI. Induction of high kidney graft sur- 
vival rate by multiple transfusion. Lancet 1981; 1:1223-1225. 

5. Hunsicker LG, Oei LS, Freeman RM, et al. Effect of blood trans- 
fusions on cadaver renal allograft survival. Transplant Proc 1979; 
11:156-159, 

6. Williams KA, French ME, Ting A, et al. Perioperative blood trans- 
fusions improve cadaveric renal-allograft survival in non-trans- 
fused recipients. Lancet 1980; i:1 104~—1106. 

7. Sanfilippo F, Spees EK, Vaughn WK. The timing of pretransplant 
transfusions and renal allograft survival. Transplantation 1984; 
37:344-350. 

8. Terasaki PI. The beneficial transfusion effect on kidney graft survival 
attributed to clonal deletion. Transplantation 1984; 37:119-125. 

9. Opelz G, Lenhard V. Immunological factors influencing renal graft 
survival. Annu Rev Med 1983; 34:133~144. 

10. Fischer E, Lenhard V, Seifert P, et al. Blood transfusion-induced 
suppression of cellular immunity in man. Hum Immunol 1980; 
3:187~194. S 

11. Gascon P, Zoumbos NC, Young NS. Immunologic abnormalities 
in patients receiving multiple blood transfusions. Ann Intern Med 
1984: 100:173-177. 

12. Blattner WA, Hoover RN. Cancer in the immunosuppressed host. 
In VT DeVita, S Hellman, SA Rosenberg, eds. Cancer Principles 
and Practice of Oncology. Philadelphia: JB Lippincott Co., 1985; 
1999-2006. 

13. Rosenberg SA, Seipp CA, White DE, Wesley R. Perioperative blood 
transfusions are associated with increased rates of recurrence and 
decreased survival in patients with high grade soft-tissue sarcomas 
of the extremities. J Clin Oncol 1985; 3:693-709. 

14. Foster RS, Costanza MC, Foster JC, et al, Adverse relationship be- 
tween blood transfusions and survival after colectomy for colon 
cancer. Cancer 1985; 55:1195~1201. 

15. Parrott NR, Lennard TWJ, Taylor RMR, et al. Effect of perioperative 
blood transfusion on recurrence of colorectal cancer. Br J Surg 
1986; 73:970-973. 

16. Blumberg N, Agarwal MM, Chuang C. Relation between recurrence 
of cancer of the colon and blood transfusion. Br Med J 1985; 
290: 1037-1039. 

17. Blumberg N, Heal JM, Murphy P, et al. Association between trans- 
fusion of whole blood and recurrence of cancer. Br Med J 1986; 
293:530~533. 


Vol. 208 -+ No. 6 


— 


8 


— 


9 


20. 


o4 


22, 


23. 


24, 


29. 


26. 
rap 


28. 


29. 
30. 


31. 


22 


33. 


34, 


35, 


* 


Burrow L, Tartter P. Effect of blood transfusions on colonic malig- 
nancy recurrence rate. Lancet 1982; ii:871. 

Burrows L, Tartter P, Aufses A. Increased recurrence rates in peri- 
operatively transfused colorectal malignancy patients. Cancer 
Detect Prev 1987; 10:361~369. 

Creasy TS, Veitch PS, Bell PRF, A relationship between perioperative 
blood transfusion and recurrence of carcinoma of the sigmoid 
colon following potentially curative surgery. Ann Coll Surg Engl 
1987; 69:100-103. 

Kaneda M, Horimi T, Ninomiya M, et al. Adverse affect of blood 
transfusions on survival of patients with gastric cancer. Trans- 
fusion 1987; 27:375-377. 

Tartter PI, Burrow L, Papatestas AE, et al. Perioperative blood 
transfusions has prognostic significance for breast cancer. Surgery 
1985; 97:225-229, 

Hyman NH, Foster RS, DeMeules JE, Costanza MC. Blood trans- 
fusions and survival after lung cancer resection. Am J Surg 1985; 
149:502-507. 

Tartter PI, Burrows L, Kirschner P. Perioperative blood transfusion 
adversely affects prognosis after resection of Stage I (subset NO) 
non-oat cell lung cancer. J Thorac Cardiovasc Surg 1984; 88: 
659-662. 

Cox DR. Regression models and life tables. J Royal Stat Soc 1972; 
Series B, 34:187-220. 

Kaplan E, Meier P. Non-parametric estimation from incomplete 
observations. J Am Stat Assoc 1958; 53:457-481. 

Mantel N. Evaluation of survival data and two new rank order sta- 
tistics arising in its consideration. Cancer Chemo Rep 1966; 50: 
163-170. 

Hughes KS, Simon R, Songhorabodi S, et al. Resection of the liver 
for colorectal carcinoma metastases: a multi-institutional study 
of indications for resection. Surgery 1988; 103:278-288. 

Foster RS, Foster JC, Costanza MC. Blood transfusions and survival 
after surgery for breast cancer. Arch Surg 1984; 119:1138- 1140. 

Weiden PL, Bean MA, Schultz P. Perioperative blood transfusion 
does not increase the risk of colorectal cancer recurrence. Cancer 
1987; 60:870-874. 

Nathanson SD, Tilley BC, Schultz L, Smith RF. Perioperative al- 
logeneic blood transfusions: survival in patients with resected 
carcinomas of the colon and rectum. Arch Surg 1985; 120:734- 
738. 

Francis DMA, Judsun RT. Blood transfusion and recurrence of can- 
cer of the colon and rectum. Br J Surg 1987; 74:26-30, 

Frankish PD, McNee RK, Alley PG, Woodfield DG. Relation be- 
tween cancer of the colon and blood transfusion. Br Med J 1985; 
290:1827. 

Ota D, Alvarez L, Lichtiger B, et al. Perioperative blood transfusion 
in patients with colon carcinoma. Transfusion 1985; 25:392- 
394, 

Okazaki H, Maki T, Wood ML, Monaco AP. Prolongation of skin 


EFFECTS OF BLOOD TRANSFUSIONS ON CANCER RECURRENCE 


36. 


St: 


38. 


39. 


40. 


4l. 


42. 


43, 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


687 


allograft survival in H-2K and I region-incompatible mice by 
pretransplant blood transfusion, Transplantation 1981; 32:111- 
115, 

Marquet RL, Heystek GA, Niessen GJCM, Jeekel J. Induction of 
suppressor cells by a single blood transfusion in rats. Transplant 
Proc 1982; 14:397-399, 

Wood ML, Gottschalk R, Monaco AP. Comparison of immune 
responsiveness in mice after single or multiple donor-specific 
transfusions. J Immunol 1984; 132:651~655. 

Waymack JP, Warden GD, Alexander JW, et al. Effect of blood 
transfusion and anesthesia on resistance to bacterial peritonitis. 
J Surg Res 1987; 42:528-535. 

Francis DMA, Shenton BK. Blood transfusion and tumor growth: 
evidence from laboratory animals. Lancet 1981; 11:871. 

Horimi T, Kagawa S, Ninomaya M, et al. Possible induction by 
blood transfusion of immunological tolerance against growth of 
transplanted tumors in mice. Acta Med Okayama 1983, 37:259- 
263. 

Kagawa S. Enhancement by blood transfusions of transplanted tumor 
growth in mice. Jpn J Surg 1984; 85:513~520. 

Francis DMA, Burren CP, Clunic GJA. Acceleration of B16 mela- 
noma growth in mice after blood transfusion. Surgery 1987; 102: 
485-492. 

Tsukuda Y. An experimental study of the affect of blood or blood 
component transfusion to the transplanted tumor cells. Jpn J 
Cancer Res 1970; 61:105-120. 

Oikawa T, Hosokawa M, Inamura M, et al. Anti-tumor immunity 
by normal allogeneic blood transfusion in rats. Clin Exp Immunol 
1977; 27:549-554, 

Jacobson MS, Keny SV, Grand RJ. Effects of a plasticizer leacked 
from polyvinyl chloride on the subhuman primate: a consequence 
of chronic transfusion therapy. J Lab Clin Med 1977; 89:10€6- 
1079. 

Ward M, Rice JM, Creasia D, et al. Dissimilar patterns of promotion 
by di(2-ethylhexyl)phthalate and phenobarbital of hepatocellular 
neoplasia initiated by diethylnitrosamine in B6C3F1 mice. Car- 
cinogenesis 1983; 4:1021-1029, 

Warren JR, Lalwani ND, Reddy JK. Phthalate esters as peroxisome 


proliferator carcinogens. Environ Health Perspect 1982; 15:35- 
40. 


Lundy J, Lovett EJ, Hamilton S, Conran P. Halothane, surgery, 
immunosuppression, and pulmonary metastases. Cancer 1978; 
41:827-830. 

Wang BS, Heacock EH, Mannick JA. Characterization of suppressor 
cells generated in mice after surgical trauma. Clin Immunol Im- 
munopathol 1982; 24:161-170. 

Tarpley JL, Twomey PL, Catolona WJ, Chretien PB. Suppression 
of cellular immunity by anesthesia and operation. J Surg Res 
1977; 22:195~201. 





Hematuria 


A Marker of Abdominal Injury in Children After Blunt Trauma 
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The clinical significance of hematuria after blunt trauma was 
studied in 378 consecutive children evaluated by computed to- 
mography (CT) of the abdomen. Clinical and demographic data, 
as well as indications for CT (such as hematuria, abdominal 
tenderness, distention, contusions, and abrasions) were recorded 
prospectively at the time of CT examination. Hematuria was 
present in 256 children (68%). Of these, 168 (66%) had micro- 
scopic blood (=10 RBC/HPF), 52 (20%) had a positive dip-stick 
(<10 RBC/HPF), and 36 (14%) had gross hematuria. Both the 
presence and increasing amount of blood in the urine were as- 
sociated with significantly higher risk for abdominal injury, mul- 
tiple organ trauma, and renal injury. Yet when asymptomatic 
hematuria was the only indication for CT examination, the risk 
of any abdominal injury was negligible (0 of 41 patients). The 
presence and severity of hematuria can be useful markers of 
underlying abdominal injury only in association with other 
suggestive clinical signs and symptoms. Asymptomatic hematuria 
is a low-yield indication for abdominal CT in children with blunt 
abdominal trauma. 


‘ EMATURIA IS A COMMON FINDING in the setting 

H of blunt trauma to the abdomen. Traditional 

thinking suggests that hematuria is a significant 

consequence of genitourinary (GU) injury, and its pres- 

ence typically elicits consideration of radiologic imaging 

of the GU tract. Controversy exists about which patients 
to image, and what modalities to use.’ 

_ This study examines the clinical significance of he- 
maturia in children with blunt abdominal trauma in order 
to better define its diagnostic role, and outline a rationale 
for use of computed tomography (CT) in these children. 

- k 


Materials and Methods 
Patient Population 


Children’s Hospital National Medical Center is a re- 
gional pediatric trauma center for metropolitan Wash- 
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ington D.C. and its surrounding areas. Since January 
1983, 3200 children with blunt abdominal trauma have 
been evaluated by the trauma service. As part of an on- 
going study of the use of CT in blunt abdominal trauma, 
we reviewed the clinical data and abdominal CT exami- 
nations of 378 consecutive children (12%) who were eval- 
uated by CT after blunt trauma to the abdomen. 


Indications for CT 


Children who were hemodynamically stable after initial 
resuscitation and were clinically suspected of having injury 
to intra-abdominal organs were examined with abdominal 
CT. Indications for CT examination included high clinical 


suspicion of significant abdominal trauma (e.g., tender- 


ness, ecchymoses, distention, mechanism of injury), he- 
maturia, dropping or low hematocrit, and neurologic ob- 
tundation, such that physical examination of the abdomen 
was considered unreliable. 

Seven: patients underwent urgent laparotomy without . 
CT examination because of continued unstable vital signs, 
despite adequate fluid resuscitation, abdominal distention, 
or the presence of free peritoneal air on abdominal ra- 
diographs. Children with abdominal injuries that were 
judged to be minor were observed. 


Trauma CT Protocol 


CT'‘scans were performed on either a GE 8800 (before 
June 1983) or GE 9800 CT scanner, with 10-mm sections 
at l-cm intervals. All children received 3 cc/kg of iothal- 
amate 43% (Conray Mallincrodt, St. Louis, MO) by rapid 
intravenous (I.V.) infusion for contrast enhancement. 


“a 
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Gastrointestinal (G.I.) contrast was reserved for those pa- 
tients in whom an intestinal injury was strongly suspected 
but not shown on standard CT images (N = 2). 


Data Collection 


Trauma Score (TS), and Glasgow Coma Score (GCS) 
were recorded for all patients at the time of initial assess- 
ment by the trauma team. Demographic data, blood pres- 
sure when CT scan was performed, indications for CT 
examination (including presence and degree of hematu- 
ria), and radiographic findings were recorded at the time 
of CT examination. An Injury Severity Score (ISS) was 
computed, and the type of management (operative or 
nonoperative), overall hospital course, and clinical out- 
come were recorded at the time of discharge. 


Classification of Injuries by CT 


Splenic and renal injuries were classified according to 
an assessment of the percentage of parenchyma involved: 
small (less than 25%), moderate (25-50%), or severe (more 
than 50%, or involving the vascular pedicle). Hepatic in- 
jury was described according to the percentage of injured 
parenchyma related to the volume of the involved hepatic 
lobe, and not the entire liver.® 

The amount of free peritoneal fluid was estimated ac- 
cording to the classification proposed by Federle and Jef- 
frey.’ The presence of fluid was noted in the following 
spaces: perisplenic space, perihepatic space, Morison’s 
pouch, left paracolic gutter, or cul-de-sac of the pelvis. 
Fluid found in only one of these spaces was classified as 
small, and fluid found in two or more of these spaces was 
classified as moderate. If all spaces were well-distended 
with fluid, or if fluid in the pelvis extended anterior or 
superior to the bladder, the amount was classified as large. 

For purposes of comparative analyses, CT examinations 
were divided into three categories: normal, minor injury, 
and clinically significant injury. CT findings such as a 
small amount of peritoneal fluid, small solid organ con- 
tusions, and nondisplaced pelvic ramus fractures were 
categorized as minor findings because their presence either 
would not significantly influence clinical management or 
was visible on preliminary radiographs (nondisplaced 
pelvic fractures) and thus did not require CT for identi- 
fication. All remaining injuries (hematoma, laceration of 
solid organs, hollow organ perforation, moderate and large 
hemoperitoneum, displaced or complex pelvic fracture, 
and vertebral fracture or dislocation) were categorized as 
clinically significant injuries. 


Data Analysis 


Differences in means between more than two or more 
groups with continuous variables were analyzed by fac- 
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TABLE 1. Patient Characteristics and CT Findings vs. 
Presence of Hematuria 


No 
Hematuria Hematuria 
Variable n = 122 n = 256 p 
(% patients) 
Mean 
Age 7.1 7.9 NS 
ISS 12.9 15.4 NS 
TS 13.2 13.5 NS 
CT Finding 
Abnormal CT 25.0 (20) 76.0 (30) <0.05 
Multiple organs 4.0 (3.3) 27.0 (10.6) <0.02 
Renal injuries 3.0 (2.5) 20.0 (7.8) <0.04 
Clinically significant injury 17.0 (13.9) 55.0 (21.5) NS 


torial Analysis of Variance (ANOVA) or t-test, where ap- 
propriate. Differences in means between two groups with 
interval level data (such as TS and ISS) were analyzed 
according to nonparametric statistics (Mann-Whitney U 
test for two group comparisons, and the Kruskal-Wallis 
test for three group comparisons). Differences in propor- 
tion among groups was analyzed by contingency table 
analysis, with confirmation by a chi square statistic. 


Results 
Patient Characteristics 


Two hundred fifty-six of 378 children (68%) had he- 
maturia after blunt abdominal trauma. Of these, 170 were 
boys and 86 were girls. Ages ranged from 1 month to 18 
years, with an average age of 7.6 years. The causes of 
injury included: motor vehicle accidents (passenger) (N 
= 48 patients, 19%), being struck by motor vehicle (pe- 
destrian) (N = 149, 58%), falling (N = 36, 14%), assault 
(N = 12, 5%), and miscellaneous (N = 11, 4%). 

Fifty-two children (20%) had their blood detected by 
dip-stick only (<10 RBC/HPF). One hundred sixty-eight 
children (66%) had microscopic hematuria (>10 RBC/ 
HPF, and clear, yellow urine), and 36 (14%) had gross 
hematuria (blood visible to unaided eye). Children with 
gross, microscopic, or dip-stick hematuria were not sig- 
nificantly different from those without hematuria with 
respect to age, gender, mode of injury, TS, or ISS. 

One hundred one of the 378 consecutive children stud- 
ied (27%) had an abnormal CT. In 76 of these children, 
(75%) blood was present on the initial urine screen. 

Hematuria was a marker of underlying abdominal in- 
jury. The presence of blood in the urine was associated 
with a significantly higher proportion of abnormal CT 
examinations, injuries to multiple organs, and renal in- 
juries (Table 1). 

The association with abdominal injury was stronger 
when degree of hematuria was considered (Table 2). In- 
creasing degree of hematuria was associated with a higher 
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TABLE 2. Injury Severity, Trauma Scores, and CT Findings vs. 
Degree of Hematuria 





No Dipstick/ 
Hematuria Microscopic Gross 
Variable (n = 122) (n = 220) (n = 36) p 
(% patients) 
ISS 13.0 15.0 18,0 NS 
TS 13.2 13.8 11.8 NS 
CT Finding 

Abnormal CT 25.0 (21) 57.0 (26) 19.0 (53) 0.0006 
Clinically 

significant 

injury 17.0 (14) 40.0 (18) 21.0 (42) 0.0009 
Multiple organs 4.0 (3.3) 19.0 (9) 8.0 (22) 0.0012 
Renal injury 3.0 (2,5) 12.0 (5.5) 8.0 (22) 0.0001 
Surgery 2.0 (1.6) 6.0 (2.7) 401) 0.015 


proportion of abnormal CTs, clinically significant injuries, 
injury to multiple abdominal organs, renal injuries, and 
need for surgical exploration. No significant differences 
were found between children with dip-stick only and mi- 
croscopic hematuria. 

In addition to indicating injury to the GU tract, the 
presence and grade of hematuria were associated with a 
high proportion of nonurinary injuries and injuries to 
multiple abdominal organs (Table 3). The most frequently 
injured organs in children with hematuria were not, in 
fact, the kidney or bladder, but the spleen (37%) and liver 
(33%). Renal injuries were less common, occurring in only 
26% of children with hematuria (Table 3). 

A group of 53 children with hematuria and an abnormal 
CT scan in whom no renal or bladder injury could be 
detected were identified (Table 4). Clinically significant 
injuries to other organs and hemoperitoneum were present 
in 39 (74%) and 28 (83%) of these children, respectively. 


Hematuria and Abdominal Signs 


Because hematuria is often only one of several clinical 
indications for imaging the abdomen in the setting of blunt 
trauma, we evaluated the relationship between the pres- 
ence and degree of hematuria and associated abdominal 
signs with respect to risk of abdominal injury on CT. Re- 
gardiess of degree, asymptomatic hematuria was not as- 
sociated with abdominal injury. All 41 children with 


TABLE 3. Injured Organ vs. Degree of Hematuria 





No Dipstick/ 
Hematuria Microscopic Gross 
Injured Organ {n = 122) {n = 220) (n = 36) p 
(% patients) 
Kidney (n = 23) 3 (3) 12 (6) 8 (22) 0.0001 
Spleen (n = 33) 5 (4) 22 (10) 6 (17) <0.04 
Liver (n = 32) 7 (6) 22 (10) 3 (8) NS 
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TABLE 4. Hematuria, Abnormal CT, No GU Injury 


- % 
Number 


Patients 
CT Finding 
Abnormal CT 53/256 21 
Clinically significant injury 39/53 74 
Multiple organ injury 12 23 
Organ Injured 
Spleen 21 40 
Liver 18 34 
Pancreas 2 4 
Retroperitoneal 
Hematoma 8 15 
Hemoperitoneum 28 83 
Pancreas 2 4 
Bowel 9 I7 
Pelvic fracture/dislocation 16 30 
Spine fracture/dislocation l f 


asymptomatic hematuria had normal CT examinations; 
these included five children with asymptomatic gross he- 
maturia. The presence of an increasing number of ab- 
dominal symptoms with hematuria increased the risk of 
abdominal injury, clinically significant injury, and injury 
to multiple organs (Fig. 1). 


Discussion 


Some authors suggest the use of excretory urography 
(EU) as a screening examination for patients with he- 


NUMBER OF ABDOMINAL SYMPTOMS 
INPATIENTS WITH HEMATURIA 
YS 
CT FINDINGS 


Z PATIENTS 





NUMBER OF ABDOMINAL SYMPTOMS 


W ABNORMAL CT p=.0001* 
CLINICALLY SIGNIFICANT INJURY p=.0001 
INJURY TO MULTIPLE ORGANS p=.011 


* Chi square 


FIG. 1. Hematuria and number of abdominal signs versus CT findings. 
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FIGS. 2A-C. 10-year-old girl pedestrian struck by auto. Initial urinalysis 
showed microscopic hematuria. (A and B) CT scan shows a fracture of 
the spleen and a stellate perivascular liver fracture. (C) No genitourinary 
injury could be identified. 


maturia and signs referable to the urinary tract.'? It is 
difficult to apply these criteria to children, because they 
do not localize pain well, and are often difficult to ex- 
amine; signs referable to a particular organ or organ system 
may be difficult to elicit. Thus, the indications for imaging 





of the abdomen in the setting of blunt trauma are less 
well-defined and tend to be more inclusive than they are 
with adult patients. 

We do not recommend the use of EU as a screening 
procedure in the stable, multiply-injured child. Although 





Fics, 3A and B. 14-year-old girl passenger in a motor vehicle accident. Initial urinalysis showed dip-stick positive hematuria only. CT scan shows 
parallel liver lacerations, (A) a small splenic injury, and (B) normal kidneys. 
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EU has been considered the preferred imaging method 
for the detection of serious renal injury in the setting of 
acute trauma,’ its limited field of view does not permit 
the detection or delineation of significant associated in- 
juries to other organs. This is important, because asso- 
ciated injuries to other organs are common in the presence 
of blunt injury to the kidney.® We detected injuries to the 
liver, spleen, or pancreas in 41 of 53 children with he- 
maturia and normal kidneys (77%), and in 15 of 23 chil- 
dren with renal or bladder injury (65%). Thus, a total of 
56 injuries to the spleen, liver, and pancreas would have 
been potentially missed if EU had been the only imaging 
modality used. 

Our current approach to blunt abdominal trauma in 
children is as follows. After stabilization in the trauma 
resuscitation bay, children are selected for CT evaluation 
if they fall into one of the following categories: 1) children 
who are hemodynamically stable but in whom significant 
abdominal injury is suspected, 2) those with multisystem 
injuries (especially head trauma), an adequate abdominal 
physical examination to be impossible or difficult, 3) hy- 
potension responsive to fluids without obvious source of 
blood loss, and 4) children with hematuria. We currently 


Fics. 4A-C.2-year-old girl passenger in a motor vehicle accident. Initial 
dip-stick and microscopic urinalysis showed no evidence of hematuria. (A) 
CT scan shows a hematoma of in the posterior portion of the right lobe of the 
liver, (B) and extensive parenchymal injury to the right kidney, (C) includ- 
ing a renal laceration with extravasation of urine. 


evaluate asymptomatic children with hematuria if there 
are no other indications for abdominal CT scan. Children 
judged to be physiologically unstable by pulse, blood 
pressure, and nail-bed capillary refill, receive up to two 
20 cc/kg bolus infusions of crystalloid (lactated Ringer’s 
solution) followed by initiation of blood transfusion with 
packed red blood cells at 10 cc/kg if still unstable.’ If 
stabilization can be achieved by following these measures, 
radiologic assessment with CT is performed. 

Although some authors have not found the degree of 
hematuria to correlate with the degree of renal injury,*!°"'' 
most feel that hematuria is a marker of potential injury 
to the urinary tract in the setting of trauma to the abdo- 
men. Our data establish that hematuria with abdominal 
symptoms is also associated with an increased risk of 
nonurinary injuries in children. In children with hema- 
turia, injuries to other organs were frequently seen inde- 
pendent of the presence or absence of renal injury (Figs. 
2 and 3). 

The association between increasing degree of hematuria 
and nonurinary injuries was seen for splenic injury, but 
not for hepatic injury. It is possible that direct trauma to 
the abdomen may be absorbed differently by different or- 
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gans, depending on their location and relative size. For 
example, the force of a blow to the left upper quadrant 
may be shared by the spleen and the relatively unprotected 
left kidney. Thus, there may be sufficient capillary dis- 
ruption in the kidney to result in hematuria without de- 
tectable anatomic injury on CT. The right kidney may 
be better protected from injury by the mass of overlying 
liver parenchyma. 

Renal injury occurring in the absence of hematuria has 
been reported in 10-25% of injured patients.’ In our ex- 
perience, the frequency is much lower; only three of 122 
children without hematuria (2.4%) suffered an injury to 
the kidney (Fig. 4). Asymptomatic hematuria is a very 
low-yield indication for CT examination of the abdomen. 
However, hematuria in the presence of other abdominal 
signs such as contusions or abrasions, tenderness, and dis- 
tention increases the likelihood of underlying abdominal 
injury and should lead to an evaluation of the injured 
child with CT. We suggest the use of CT not to establish 
the presence of renal injury, but to determine the presence 
and extent of associated injuries to other organs. Although 
the degree of anatomic injury does not correlate with the 
need for surgical exploration,° delineation of these injuries 
is very useful in the planning of postinjury management 
of the child. 

We suggest that all children with symptomatic hema- 
turia undergo evaluation with CT. Children with asymp- 
tomatic hematuria may be evaluated on a nonemergent 
basis with either Doppler ultrasonography, EU, or DTPA 
renal scan. These alternative modalities offer the ability 
to detect the presence of blood flow to the kidney and will 
detect significant renal injury with a high degree of ac- 
curacy. Cystourethrography should be performed when- 
ever injuries to the lower urinary tract are suspected. 
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In summary, asymptomatic hematuria is a low-yield 
indication for CT in children with blunt abdominal 
trauma. However, hematuria with abdominal symptoms 
is a significant marker of injury to both urinary and non- 
urinary organs in the setting of blunt abdominal trauma. 
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Ménétrier’s Disease 
A Trivalent Gastropathy 
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Current conceptions of Ménétrier’s disease only obliquely re- 
semble those originally described. Bona-fide cases are so un- 
common that, of 125 cases diagnosed as Ménétrier’s disease, 
hypertrophic gastritis, or protein-losing gastropathy treated at 
the Massachusetts General Hospital during the 26-year period 
of 1962-1987, only six cases merited an unequivocal anatomic 
diagnosis. Two other cases previously described proved on review 
to be nondiagnostic in one instance and Campylobacter pylori 
gastritis in the other. Because abnormalities in the secretion of 
gastric acid and in the loss of protein from the stomach may 
coexist, a representation of each case in semiquantitative terms 
can be described on triaxial coordinates. Three patients had a 
hypercoagulable state, one in association with gastric carcinoma. 
One other case of gastric carcinoma and one of esophageal car- 
cinoma coexistant with Ménétrier’s disease were identified. Ad- 
ministration of subcutaneous heparin during the perioperative 
period to patients with Menéetrier’s disease is appropriate re- 
gardless of whether or not hypercoagulation or carcinoma is 
manifest. If treatment with anticholinergic drugs and inhibitors 
of gastric acid secretion fails, total gastrectomy is the best so- 
lution, because it stops protein loss, eliminates hyperchlorhydria, 
prevents development of gastric carcinoma, and permits anas- 
tomotic reconstruction between normal esophagus and normal 
small bowel. 


OUR CLASSES OF STIMULI potentially affect the 

mass and function of the enteric mucosa’: 1) in- 

traluminal substances, such as nutrients, secre- 

tions from the proximal intestinal tract, growth factors, 

and products of inflammatory reactions,” 2) tropic fac- 

tors—hormonal, locally transmitted, or infectious,°’ 3) 

neural factors,” and 4) immunologic phenomena.’ Sim- 

ilar kinds of influences probably modulate gastric mass 
and function.°® 

In Ménétrier’s disease*'!° (hypertrophic gastropathy), 
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the gastric mucosal hypertrophy is so great that the rugae 
can look like convolutions of the brain. Although this 
gross appearance is common to all cases of Ménétrier’s 
disease, as the eponymic diagnosis is usually used, in a 
single case, either the gastric glandular elements or the 
superficial epithelial elements may predominate; acid se- 
cretion may be high, normal, or low; and hypoproteinemia 
may or may not be present. There is no consensus about 
which of these features define the disease.'!~7° 

Because the mucosal histology, level of acid secretion, 
and serum albumin levels are semiquantitatable along 
three graphic axes, we suggest describing the cardinal ab- 
normalities of Ménétrier’s disease under the rubric tri- 
valent gastropathy. An interplay of the agents influencing 
gastric mucosal structure and function could be the de- 
terminants of the phenotypic state. 


Materials and Methods 


From a retrospective analysis of 127 cases during the 
period of 1962 through early 1987 with diagnoses of Mé- 
nétrier’s disease, hypertrophic gastritis, or protein-losing 
enteropathy, only six cases had clinical presentations, ra- 
diologic and endoscopic features, and pathologic findings 
compatible with a diagnosis of Ménétrier’s disease. 
Pathologic material from each of these was reanalyzed. 
On review, one case previously considered classic Mé- 
nétrier’s disease was reclassified as Campylobacter pylori 
gastritis. In another case, a biopsy specimen deep enough 
to allow certain diagnosis was not taken. 


Case Reports 


Case 1. In 1973, a 62-year-old man with a 25-year history of recurrent 
gastrointestinal (G.1.) bleeding was observed. Previous barium-contrast, 
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endoscopic, and angiographic examinations had been normal, except 
for a question of a jejunal vascular malformation. The patient’s serum 
albumin level was 3.8 g/dl. No acid-secretion studies were performed, 
and serum gastric levels were not checked. 

The patient was readmitted with recurrent hematemesis. A “string 
test” localized the bleeding to the stomach. Laparotomy disclosed mul- 
tiple, small angiomatous malformations of the small intestine, and gas- 
trotomy revealed hypertrophic gastritis. A 70% distal subtotal gastrectomy 
was performed, together with oversewing of the vascular malformations. 
At the time of microscopic examination of the surgical specimen, diffuse 
hyperplasia of both the superficial compartment (foveolar region), and 
glandular compartment of the gastric body mucosa were present. 

Over the ensuing years, the patient was admitted several times with 
recurrent bleeding. The range of serum albumin levels was 3.4-4.9 g/dl. 
No gastric acid-secretion studies were done, and serum gastrin levels 
were not measured. Although endoscopy was not helpful initially, with 
time, the patient developed hypertrophic folds in the gastric stump and 
bleeding from the gastrojejunostomy. 

Thirteen years after his initial admission, the gastrojeyunostomy was 
resected for the treatment of massive, recurrent bleeding. Hamartomatous 
polyps of the colon were resected. Mesenteric ischemia during the post- 
operative period resulted in death. 

The surgical specimen showed a large polypoid mass at the gastroje- 
junostomy, with the typical histologic features of gastritis cystica polyposa 
(Fig. 1).?! The polyp was composed of cystic, greatly dilated gastric pits 
and glands within an abundant edematous and acutely inflamed stroma. 
Dilated glands at the base of the polyp herniated through the splayed 
muscularis mucosae to invade the submucosa focally. Some of the cysts 
contained collections of neutrophils. The transition between the polyp 
and the surrounding, normal-appearing gastric mucosa was abrupt. 

Case 2. In 1977, evaluation of a 28-year-old man at another hospital 
who had had a long history of abdominal pain and intermittent upper 
G.I. bleeding disclosed giant folds in the body and fundus of the stomach.” 
A random serum gastrin level was minimally elevated, but the calcium- 
stimulated gastrin level was normal. No acid-secretion studies were per- 
formed. A full-thickness biopsy of the gastric body mucosa showed pit 
hyperplasia and glandular atrophy consistent with Ménétrier’s disease. 

Because of continued gastric bleeding, the patient was transferred. His 
serum albumin level was 3.3 g/dl. A 1-hour gastric aspiration produced 
236 ml of fluid with a pH of 1.5 and 14.6 mEq of (hydrochloric acid) 
HCI. The basal acid output was markedly elevated, and the response to 
pentagastrin was high. 

A total gastrectomy was performed because of hypersecretion, recurrent 
bleeding, hypoalbuminemia, and the patient's peripatetic habits. A seg- 
ment of the Roux-en-Y loop needed to be resected before being used 
because of rapidly developing thrombosis in the mesenteric veins. The 
surgical resection specimen contained massive rugae of the gastric body 
and fundus with sparing of the antrum (Fig. 2). At the time of microscopic 
examination, marked foveolar hyperplasia and body glandular atrophy 
were seen (Fig. 3). Cystic dilatation of both greatly expanded pits and 
atrophic glands was present in multiple foci. No malignancy was iden- 
tified. After the gastrectomy, the patient’s serum albumin rose to normal 
levels. The patient remains well. 

Case 3. In 1977, a 42-year-old man with a history of alcoholism pre- 
sented himself with peripheral edema and ascites. The serum bilirubin 
level, serum glutamic oxaloacetic transaminase activity, and prothrombin 
time were normal, but the serum albumin level was 2.3 g/dl. No gastric- 
acid studies were performed. A barium-contrast upper G.I. series disclosed 
nodular thickening of the rugae in the proximal stomach. No ulcers were 
present, and the gastric wall was pliable. Gastroscopy confirmed these 
findings. An endoscopic biopsy of the gastric body showed elongation 
of gastric pits, focal mucinous metaplasia of chief cells, and cystically 
dilated glands consistent with Ménétrier’s disease. 

Acral ischemia secondary to right innominate and subclavian artery 
thrombosis precipitated admission 2.5 years later. The serum albumin 
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FiG. 1. Low-power photomicrographs of gastritis cystica polyposa. A 
large discrete polypoid mass is seen on the gastric aspect of the gastro- 
jejunostomy anastomosis site. The greatly expanded and branched gastric 
pits show focal cystic dilation (arrow). The process resembles a localized 
Ménétrier’s disease. 


level was 1.3 g/dl. Several months after vascular reconstruction, the patient 
returned with G.I. bleeding. Gastroscopy again demonstrated prominent 
rugae, but this time with focal rigidity. Total gastrectomy was performed. 

The specimen showed marked foveolar hyperplasia and atrophy of 
subjacent glands throughout the gastric fundus and body. The average 
mucosal thickness of the fundus was 4 cm, whereas the antral mucosal 
folds were no more than | cm high. Within the hypertrophic mucosa of 
the posterior gastric body, a 4.5 X 3.5 cm indurated ulcer was present; 





FIG. 2. Ménétrier’s disease: gastric resection specimen. The typical dis- 
tribution of gastric mucosal hypertrophy in Ménétrier’s disease is seen. 
Fundus and body mucosa (B) show greatly enlarged folds and the mucosa 
has a finely nodular (cobblestone) appearance. The antrum (A) is relatively 
spared and appears smooth and comparatively flat. 
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FIG. 3. Photomicrographs of gastric body mucosa in Ménétrier’s disease. 
The mucosa shows disproportional expansion of the superficial com- 
partment (pit region) (arrows) of the mucosa and atrophy of underlying 
glands. 


at the time of microscopic examination, it proved to be a deeply invasive, 
poorly differentiated adenocarcinoma. The tumor penetrated the full 
thickness of the gastric wall and was metastatic to 16 lymph nodes. Death 
occurred within 3 months, 

Case 4. In 1983, a 37-year-old woman with a 3-year history of ab- 
dominal distress and a recent 8.2 kg weight loss was evaluated. Her 
serum albumin was 2.5 g/dl, and a barium-contrast upper G.I. radiologic 


study showed enlarged rugae in the proximal stomach. Mild chronic | 


gastritis was found at the time of endoscopic biopsy. No acid secretion 
studies were done. 

Because both these studies and those performed at another hospital 
indicated the presence of Ménétrier’s disease, a total gastrectomy was 





mucosal folds is most marked in the body (B) and fundus. In this case 
the antrum (A) is also involved. 
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performed. The surgical resection specimen showed giant mucosal folds 
in the gastric body with incomplete sparing of the antrum (Fig. 4). At 
the time of microscopic examination, moderate to marked foveolar hy- 
perplasia and moderate body glandular atrophy were present (Fig. 5). 
Within 1 week of surgery, the patient’s serum albumin level rose to 3.3 
g/dl and eventually became stable at a normal level. Her symptoms 
markedly improved, and her weight stabilized. 

Case 5. In 1980, during evaluation for hematochezia and anemia, a 
55-year-old man with a history of juvenile colonic polyps was found on 
upper G.I. series to have coarse nodularity of his gastric mucosa and a 
large mass along the greater curvature.** His symptoms included heart- 
burn, bloating, and one tarry stool, but he had experienced no pain, 
weight loss, or anorexia. His hematocrit was 44% while he was taking 
iron supplements, and his serum albumin was 3.7 ¢/dl. His gastric acid 
output was 0.06 mEq per hour, rising to 4.0 mEq per hour (normal 
= 22 mEq per hour) with histamine simulation. Upper G.I. endoscopy 
disclosed hundreds of mucosal polyps. Random biopsies of the polyps 
performed over several years were intermittently interpreted as inflam- 
matory (hyperplastic) or adenomatous polyps. A specimen obtained in 
1986 showed carcinoma in situ. 

A total gastrectomy was performed in 1987. The resection specimen 
showed cerebriform hypertrophic folds involving the body and fundus, 
predominantly along the greater curvature. The antrum was studded 
with numerous bulbous polyps as large as 3 cm. 

At the time of microscopic examination, the giant folds showed foveolar 
hyperplasia and atrophy of the glands of the gastric body, with cystic 
dilatation of both expanded pits and shortened glands. The lamina propria 
was infiltrated with chronic inflammatory cells; focal mucinous meta- 
plasia of the glands was present. A moderately to poorly differentiated 
adenocarcinoma was seen arising in a background of dysplastic surface 
epithelium near the lesser curvature. The tumor infiltrated the full thick- 
ness of the gastric mucosa, but did not penetrate the muscularis mucosae. 
The antral polyps differed markedly in appearance from the polypoid 
form of hypertrophic gastropathy in the proximal stomach. They were 
composed predominantly of greatly expanded and edematous stroma 
containing large numbers of eosinophils but devoid of smooth muscle. 
Widely spaced, cystically dilated gastric pits, and few antral glands were 
present, but the epithelial component of the polyps was far less conspicous 
than the stroma. This histologic appearance was compatible with juvenile 
(hamartomatous) gastric polyps. 

Case 6. In late 1987, an esophagogastrectomy was performed on a 
60-year-old man because of symptoms of esophageal obstruction sec- 
ondary to a squamous-cell carcinoma. The specimen of the stomach had 
gross and microscopic features diagnostic of Ménétrier’s disease. The 
gastric fundus and body were more severely involved than the antrum 
of the stomach. Hyperplasia of the gastric pits and spotty glandular atro- 
phy were present throughout the specimen. There was no pre-existing 
evidence of hypertrophic gastritis, of hyperchlorhydria, or of protein- 
losing gastropathy. 


Discussion 
Origins 


Ménétrier did not formulate a syndrome.'° He reported 
postmortem observations of two patients showing ex- 
traordinary gastric abnormalities that were associated with 
the development of gastric carcinoma. He acknowledged 
that he had been preceded in these discoveries by other 
observers, including Andral, who had remarked on the 
similarity of the large gastric folds to those of the third 
stomach of ruminants (the omasum). 
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Fic. 5. Photomicrograph of 
gastric body in Ménétrier’s 
disease without glandular 
atrophy. The gastric pits are 
- expanded and branched, but 
underlying glands (arrows) 
are not shortened, preserving 
normal proportions between 
the superficial and deep mu- 
cosal compartments. 


Claire L. was a 52-year-old woman who died on January 5, 1887 
of cerebral infarction and left hemiplegia. Although she had had no 
symptoms of gastric disease, along the greater curvature of her en- 
larged stomach there was a 4 X 8-cm area of sheetlike adenomatous 
growth 0.5-1.0 cm high, 9 cm proximal to the pylorus. A large 
amount of mucus was present, and an adenomatous polyp was 
identified in the antrum. Although greatly elongated gastric glands 
retained their rectilinearity, the basal aspects of the ducts were dis- 
torted and filled with mucus. 

Barthelemy G. was a 38-year-old alcoholic building painter with 
lead colic, cramps in his arms and legs, shaky hands, a 2-month 
history of anorexia and nausea, and a 4-week history of diarrhea. 
He had ascites and peripheral edema. He died of cirrhosis on Feb- 
ruary 9, 1887. Tenacious mucus covered cerebriform folds, present 
not only in most of the stomach, but in the intestine (presumably 
the duodenum). The gastric hypertrophy stopped 3 cm distal to the 
cardia and did not involve the antrum. Raymond’s microscopic 
examination disclosed rectilinear gastric glands 5-6 times that of 
normal height, but with the basal aspects of the glands filled with 
mucus. 


Arterial ischemia, inflammation, alcoholism, and lead- 
poisoning were postulated as the causes of the disease. 
Palmer has translated the rest of Ménétrier’s treatise.” 


Definition 

From a description of the morbid anatomy that could 
have been responsible for G.I. distress in some few pa- 
tients, Ménétrier’s name has been applied to an ill-defined, 
broader syndrome characterized in every instance by large 
rugae in the body of the stomach, usually sparing the eso- 
phagocardiac area and the antrum. Here agreement ends. 
Several early studies of groups of patients with pathologic 
findings similar to those described by Ménétrier identified 


frequent hypoproteinemia'' and hypochlorhydria.”°?’ 


Although many authors apply only the criterion of en- 








larged gastric rugae that are not of neoplastic or granu- 
lomatous origin for the diagnosis of Ménétrier’s dis- 
ease,'!:!°:7°-28 others include hypoproteinemia,'*”°”? nor- 
mal or low gastric acid secretion, '**° or both.'**'~*” There 
is disagreement among pathologists, as well, about diag- 
nostic microscopic features of the condition. Ming defined 
three types of hypertrophic gastropathy: mucous cell type, 
glandular cell type, and mixed mucous-glandular type.'® 
Although he did not identify any single type as diagnostic 
of Ménétrier’s disease, he indicated that the patients re- 
ported by Ménétrier appeared to have the mixed type of 
hyperplasia. Nonetheless, others have suggested that only 
the mucous type of hyperplasia should be considered rep- 
resentative of Ménétrier’s disease.” 

Attempts to classify subgroups of hypertrophic gastro- 
pathies have been confusing and ambiguous; all possible 
combinations of the principal characteristics of the disease 
have been found. Cases exhibiting acid hypersecretion 
with either hypoalbuminemia!*??">7’ or normal serum 
albumin’* have been reported, in addition to the more 
common cases demonstrating normal or low gastric acid 
associated with normal or low serum protein. A summary 
of these features present in each of the six cases we describe 
is presented in Table 1. 

Correlation between pathologic and clinical findings is 
imprecise as well. Fieber and Rickert!’ analyzed 50 cases 
of “hypertrophic gastropathy,” including only those cases 
with: 1) giant rugae meeting radiologic and gastroscopic 
criteria, 2) full-thickness samples of gastric mucosa per- 
mitting classification according to Ming’s criteria,'® 3) 
available clinical data, and 4) no concurrent peptic ulcer 
or gastric neoplasm. Although it would be logical to expect 
hypoproteinemia in patients with increased numbers of 
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TABLE 1. Characteristics of Patients 





Full- 
Radiologically Thickness Serum Protein 
Case Compatible Diagnosis Biopsy Mucosal Histology Acid Level Level Thrombosis 
l Yes Yes High glands, deep pits N/A Low Yes 
2 Yes Yes Low glands, deep pits High Low Yes 
3 Yes Yes Low glands, high pits N/A Low Yes 
4 Yes Yes Low glands, deep pits N/A Normal No 
5 Yes Yes Low glands, deep pits Normal Normal No 
6 Indeterminate Yes Low glands, deep pits N/A Normal No 


Measurements of serum gastrin levels in Cases 2 and 6 were normal. 


mucous cells and hyperchlorhydria in those with increased 
glandular components,'*?! Fieber and Rickert found hy- 
poalbuminemia in 60% of cases demonstrating glandular 
hyperplasia (n = 10), rising only to 73% in those with 
mucous cell hyperplasia (n = 30). Hyperacidity was iden- 
tified in only 50% of the ten cases with glandular hyper- 
plasia, but in none of the cases of mucous cell hyperplasia. 

The dilemma presented by attempts to define Méné- 
trier’s disease and to subclassify the other hypertrophic 
gastropathies may be resolved by focusing on the clinical 
hallmarks of each case, not on historically assigned labels. 
In all cases of hypertrophic gastric fold disease, the fol- 
lowing studies are mandatory: serum albumin levels, 
serum gastrin levels, gastric acid secretion studies, and 
full-thickness gastric biopsy. In Ménétrier’s disease, serum 
levels should be normal or only mildly increased. Very 
high serum gastrin levels should raise the possibility of 
the Zollinger-Ellison syndrome, which also produces gas- 
tric mucosal hypertrophy and increased acid output. The 
proliferative state of the gastric mucosa, the serum protein 
levels, and the degree of acid secretion are the cardinal 
features of this disease, but they vary among individual 


_ cases. They may also vary with time during the course of 


the disease. 

We suggest the name trivalent gastropathy so that each 
of these variables may be represented graphically on a 
three-dimensional scale (Figs. 6 and 7). This convention 
offers a uniform method of displaying the manifestations 
of the disease within a framework that does not arbitrarily 
imply relationships among the separate aspects, while 
emphasizing the importance of defining all three char- 
acteristics in each case. 

Although one can only speculate on factors influencing 
these features, the manifestations observed seem to be the 
product of a dynamic equilibrium between opposing 
forces. This compromise is not to deny the previously 
defined associations, such as the common coincidence of 
glandular hyperplasia and hyperacidity or the rarity of 
hypoalbuminemia with hyperchlohydria. Rather, it per- 
mits a more inductive approach to the analysis of this 
disease or group of diseases. Searcy and Malagelada iden- 


Gastric carcinoma was present in Cases 3 and 5. Esophageal carcinoma 
was present in Case 6. 


tified markedly increased risks of recurrent infection, vas- 
cular disorders, and pulmonary edema in patients with 
hypertrophic gastropathy associated with hypoalbumin- 
emia.'* Unfortunately, neither the mucosal histology nor 
the acid secretory status of these patients was identified. 
Perhaps these risks are limited to a subgroup of patients 
that could be further defined by these criteria. Other 
subgroups with distinctive natural histories or etiologies 
may become apparent, as well. 


Etiology 


Although neural influences modulate intestinal epithe- 
lial cell proliferation,” even maximal stimulation of gas- 
tric nerves is unlikely to produce mucosal hyperplasia and 
would not be expected to produce low acid secretion. 
Nevertheless, truncal vagotomy sometimes improves 
clinical symptoms in Ménétrier’s disease.'*?? 

In human beings, secretory products of the salivary 
glands, the oropharynx, and the esophagus are not known 
to have tropic effects on the stomach. In the male mouse, 
however, stimulated secretion of the submandibular gland 
causes outpouring of its stores of epidermal growth factor 
(EGF), nerve growth factor, and other substances, and is 
dramatically tropic for the stomach, the small intestine, 
and, to a lesser extent, the colon.’ EGF alone stimulates 
growth of oxyntic gland mucosa while inhibiting gastric 
acid secretion. The human submandibular gland and 
duodenal Brunner’s glands contain EGF, and EGF can 
be detected in gastric secretions.*?~*! 

Reports of hypertrophic gastropathy thought to be re- 
lated to exposure to allergens”’-** or found to be associated 
with autoantibodies to gastric parietal cells'> suggest that 
the abnormalities in Ménétrier’s disease may be related 
to immunologic phenomena. Indeed, in a murine model, 
protein-losing hypertrophic gastropathy is produced after 
neonatal thymectomy.’ A self-limited protein-losing hy- 
pertrophic gastropathy in children has been attributed to 
an allergic phenomenon because peripheral eosinophilia 
occurs concomitantly,” but it may or may not be the 
same as Ménétrier’s disease. 
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Fics. 6 and 7. Triaxial representation of the abnormalities in Ménétrier’s disease. 


The potential influence of local inflammatory factors 
as postulated by Ménétrier’s is exemplified by Type II 
ostertagiosis in cattle (a nematode infecting the fourth 
stomach, the abomasum), which causes a protein-losing 
gastropathy, hypoproteinemia, anemia, gastric mucosal 
inflammation, mucous cell hyperplasia, and abnormally 
high gastric pH.**** The Drentse Patrijs dog seems par- 
ticularly susceptible to a hypertrophic gastritis like Mé- 
nétrier’s disease.*° Cytomegalovirus infection has been 
identified in cases of pediatric hypertrophic gastropathy.”” 


Treatment 


The patient is indifferent to his gastric anatomy. He 
wants freedom from pain (present in over 80% of cases), 
blood loss (34%), and symptoms of hypoproteinemia 
(40%).'? Treatment is directed to these goals. If the disease 
is the kind likely to remit spontaneously, such as the al- 
lergic hypertrophic gastropathies, anticholinergics should 
be prescribed because they diminish acid secretion and 
have the potentiality of tightening gastric cell junctions,*° 
limiting protein losses by this route. Histamine-H> recep- 
tor-blockers have many of the same effects and should be 
tried if the response to anticholinergics is suboptimal or 
if their side effects are troublesome.*’ Treatment with ci- 
metidine or ranitidine sometimes decreases protein 
losses.*”** Combination therapy with these two agents or 
administration of omeprazole might also be useful, per- 
haps in conjunction with parenteral nutrition.*® 

If pharmacologic therapy fails, surgery is appropriate. 


Although distal subtotal gastrectomy with a Billroth II 
reconstruction should limit gastric acid secretion by re- 
moving gastrin-secreting antral cells and indirectly de- 
crease the loss of albumin as pH rises, it entails anatomosis 
of thick, abnormal, proximal stomach to normal intestine. 
The risk of leakage and obstruction is great. In fact, the 
majority of postoperative deaths that occur after resections 
for Ménétrier’s disease are attributed to anastomotic 
leaks.'? A Billroth I anastomosis is even more susceptible 
to these problems. Pyloroplasty and vagotomy have the 
technical advantage of avoiding a difficult anastomosis, 
but have no physiologic advantage over a distal gastrec- 
tomy, since the potential complications of abolishing py- 
loric function are nearly the same. Proximal vagotomy is 
probably no more efficacious than treatment with an H>- 
receptor blocker. Perhaps even more disturbing is that the 
risk of gastric carcinoma known to be associated with 
Ménétrier’s disease is not addressed by these approaches, 
and the efficacy of surveillance endoscopy has not been 
proved. 

Total gastrectomy is the best therapeutic solution to 
Ménétrier’s disease and is generally well-tolerated.** Re- 
construction with a Roux-en-Y loop of jejunum is sufħ- 
cient,°°->? although debated." By definition, all abnor- 
malities are corrected, reflux esophagitis is prevented, and 
the risk of malignant complications is obviated. Patients 
whose cases have been reported (a preselected group) have 
gained weight; technical problems posed by distal gas- 
trectomy are avoided. Indeed, the hazards of esophago- 
jejunal anastomosis may sometimes be avoided if there 
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is enough normal stomach below the esophagus to permit 
union of two serosalized organs. 

In addition to parochial problems of the stomach, pa- 
tients with Ménétrier’s disease may be afflicted by the 
development of a hypercoagulable state.'*!4°4°° The 
cause of the hypercoagulability disease may sometimes 
be a consequence of occult gastric malignancy. Hyper- 
coagulability is a well-known complication of mucin-pro- 
ducing adenocarcinomas of the G.I. tract. In experimental 
pancreatic adenocarcinoma, vascular permeability and 
interstitial deposition of fibrinogen has been suggested as 
an antecedent event in the production of thrombosis.’ 
We recommend preoperative subcutaneous administra- 
tion of heparin for patients with Ménétrier’s disease, 
whether or not gastric carcinoma is present. Anticoagu- 
lation with warfarin in ambulatory, untreated patients 
would be dangerous, however, because of the risk of re- 
current gastric hemorrhage. 

Because Ménétrier’s disease is rare and has never been 
studied prospectively, the prevalence of gastric carcinoma 
is unknown. Nevertheless, gastric carcinoma has been as- 
sociated with approximately 10-15% of the reported cases 
of Ménétrier’s disease. The increased cell proliferation es- 
sential for carcinogenesis in most epithelial systems might 
be expected to create a fertile field for the development 
of carcinoma in hyperplastic gastric mucosa.°*? In two 
of the six cases reported here, gastric carcinoma developed 
years after their initial diagnosis of Ménétrier’s disease, 
and in Case 5, the full spectrum of preneoplastic to ma- 
lignant epithelial changes was seen. Our sixth patient had 
a co-existing esophageal squamous cell carcinoma. 
Another patient with gastric carcinoma superimposed on 
Ménétrier’s disease was seen while this manuscript was 
in press. Scharschmidt found that the incidence of ade- 
nocarcinoma developing in Ménétrier’s disease followed 
for more than 1 year was 12% (n = 26).'* Although the 
degree of risk cannot be precisely determined, the asso- 
ciation makes the argument for total gastrectomy stronger. 
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A new system for long-term, 24-hour, ambulatory dual gastro- 
duodenal pH monitoring is described. Eighteen patients with 
active duodenal ulcers and ten healthy subjects were studied. 
Simultaneous gastric and duodenal bulb pH were measured dur- 
ing fasting, the ingestion of a solid meal, and for the remainder 
of the 24-hour period. The gastric pH profile was similar for 
both groups. There was no significant difference between the 
fasting duodenal bulb pH of the duodenal ulcer (DU) patients 
and controls. The daytime and nocturnal duodenal acid exposure 
was similar for both groups. The meal caused a similar pattern 
of duodenal acidification in both controls and DU patients, and 
acid neutralization appeared to be effective in DU patients. The 
role of acid in the duodenal bulb does not appear to be of primary 
pathophysiologic importance in duodenal ulcer disease. 


bulb is believed to be a determining factor in the 

etiology of duodenal ulcer disease. The exact 
mechanism and role of acid in the pathogenesis of ulcer 
disease are poorly understood; it is not known whether it 
is the hypersecretion of gastric acid, prolonged exposure 
to a “normal” amount of acid in the duodenal bulb, or 
an imbalance within the first part of duodenum of the 
normal interplay between acid, bicarbonate, and other 
secretions. 

The influence of gastric acid secretion on the profile of 
duodenal bulb acidity was noted in 1942 by Berk, Rehfuss, 
and Thomas,! when they plotted the postprandial duo- 
denal pH in normal subjects. Subsequently, a number of 
short-term studies** have been reported on the duodenal 
pH of ulcer patients and normals. However, there are no 
reports on prolonged monitoring of duodenal acid ex- 
posure. 

In the present investigation, we sought to record the 
gastric and duodenal bulb pH simultaneously in patients 
with duodenal ulcer (DU) and in healthy subjects. The 


T HE PRESENCE OF GASTRIC ACID in the duodenal 
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study period was 24 hours and was performed under near 
physiologic conditions. 


pH Monitoring System 


The pH monitoring system consisted of two glass pH 
electrodes, a portable microlog receiving unit, and a small 
weighted bag (Fig. 1). The bag, made of latex rubber and 
containing 14 g of mercury, was attached to the distal pH 
electrode by a 20-cm length of 1 mm diameter polyvinyl 
chloride (PVC) tubing (Portex, London, UK). Using small 
rubber bands, the two glass pH electrodes (GK2801C, 
Radiometer, Copenhagen, Denmark) were strapped to- 
gether in such a way that their glass tips were 9 cm apart. 
Each electrode, 4.5 mm in diameter and 25 mm in length, 
contained a built-in Ag/AgCl reference electrode saturated 
in 1 M potassium chloride solution, with glass fibers used 
as liquid-junction. The response of the electrodes in buffer 
solutions of pH 1-pH 8 at 37 C is linear (Fig. 2). Over 24 
hours, the drift in response was minimal. At the beginning 
and end of each study period, both electrodes were cali- 
brated in standard buffer solutions of pH 7 and 4 at 
37, 

The electrodes, attached to a 2.5 m X 2.5 mm length 
of silicon tubing-covered lead, were connected to a locally 
made portable microlog receiving unit (Department of 
Medical Physics, Ninewells Hospital and Medical School, 
Dundee, Scotland). Before each study period, this unit 
was programmed with the date, time of day, dual mode 
of pH sampling, and a sampling rate of every 20 seconds. 
Small rechargeable nickel-cadmium batteries within the 
unit provided a steady source of power. Being 19 X 13 
X 4.5 cm in size and weighing 0.72 kg, it was small enough 
to be carried on a belt around the patient’s waist and 
allowed full range of normal activities. 
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FIG. 1. pH monitoring system of portable microlog receiving unit, 2 glass 
PH electrodes, and weighted bag. 


Methods, Study Groups, and Protocol 


Eighteen patients (13 men, five women), with a mean 
age of 49.6 years (range 23-76 years), who had endo- 
scopically diagnosed active duodenal ulcers, were studied. 
Any treatment with antacids or gastric antisecretory drugs 
was discontinued at least 48 hours before the start of the 
study and was not resumed during the study period. Ten 
healthy volunteers (eight men, two women), with a mean 
age of 35.7 years (range 22-85 years) were also studied. 
None of the normal subjects had any previous history of 
esophageal, gastric, or duodenal disease. 

After an overnight fast, the weighted bag and pH elec- 
trodes were swallowed by the subject. Using a combination 
of digital read-outs from the receiving unit and fluoro- 
scopic screening, the electrodes were positioned so that 
the distal electrode lay towards the apex of the duodenal 
bulb and the proximal electrode in the gastric antrum 
along the lesser curve. The mercury bag came to lie in 
the region of the duodeno-jejunal flexure (Fig. 3). The 
excess length of lead was carefully withdrawn from the 
stomach, and secured to the patient’s cheek with adhesive 
tape. The positions of the two electrodes were thus main- 
tained by the caudal peristaltic pull on the mercury bag 
against fixation of the leads at the patient’s cheek. The 
ends of the electrode leads were then connected to the 
receiving unit. 

While patients were in the fasting state, the gastric and 
duodenal pH levels were recorded for 1 hour, after which 
a standardized solid meal of 120 g of minced meat, 120 
g of potatoes, 60 g of peas, 180 g of custard and peaches, 
and 160 ml of tea (carbohydrate 55.7 g, fat 23.9 g, protein 
38.1 g, 578 kcal) was served and was eaten normally. After 
the meal, subjects were not allowed to eat or drink for 
the next 3.5 hours. After this postprandial period, there 
were no restrictions on eating or drinking for the remain- 
der of the 24-hour study period. The subject was allowed 
to go home, with the pH monitoring system still in situ, 
and was encouraged to resume his normal daily activities. 
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FIG. 2. Response of the pH electrodes in buffer solutions of pH 1.0-pH 
8.0 at 37 C. 


On-line recordings, using the event button, were made 
of the times of eating and drinking, retiring to bed (supine 
posture) and rising in the morning (erect posture). The 





pH Probes 


FIG. 3. Positions of the two glass pH electrodes during pH monitoring: 
the proximal electrode in the gastric antrum, the distal electrode in the 
duodenal bulb, and the weighted bag at the duodeno-jejunal flexure. 
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FIG. 4. Cumulative percentage of total duodenal pH recordings in the 
erect (daytime) and supine (nocturnal) postures to levels below pH 4, 3, 
and 2 in DU patients and healthy subjects. 


Cumulative % of total duodenal pH recordings 


two latter facilities allowed for differentiation between 
daytime and nocturnal data. 

At the end of the study period, the positions of the 
electrodes were checked, using fluoroscopy, and the pH 
monitoring system, was withdrawn. After recalibration in 
the buffer solutions of pH 7 and 4 at 37 C, the collected 
data in the receiving unit was off-loaded to an IBM™ PC 
computer (IBM, Portsmouth, England) for storage and 
analysis. 

The study was approved by the Ethics Committees of 
the Tayside Health Board and the University of Dundee. 


Analysis and Statistics 
A locally developed computer program (Department 
of Medical Computing, Ninewells Hospital and Medical 
School, Dundee, Scotland) was modified for the analysis 
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of the pH data. The gastric and duodenal pH data were 
analyzed separately for the 24-hour period. Within the 
duodenal bulb, an acid peak was defined as being of two 
or more consecutive pH recordings from the duodenal 
electrode below a particular pH level (i.e., < pH 4, 3, or 
2). From the recorded data, we analyzed: 1) baseline fast- 
ing gastric and duodenal pH. 2) Cumulative percentage 
of the total pH recordings made by the duodenal electrode. 
This was to determine the frequency of distribution of 
pH data for both the erect (day) and supine (night) pos- 
tures at the levels of below pH 4, 3, and 2. 3) Acid peaks 
within the duodenum to below pH 4, 3, and 2 for the full 
24-hour period. The peaks of the gastric pH between pH 
1 and 5 were similarly analyzed. 4) The effect of a meal 
on the duodenal bulb pH was determined in terms of 
preset parameters. 

Due to the nonparametric distribution of data (except 
for pH levels of patients in the fasting state), the results 
are reported as medians and ranges, and the Wilcoxon 
matched pairs signed test was used to analyze data re- 
corded in the erect and supine postures for each study 
group. The intergroup analysis was performed using the 
Mann-Whitney U test. 


Results 
Baseline Fasting Gastric and Duodenal pH 


The mean fasting gastric pH was the same for both 
groups: pH 1.9 + 0.3 (mean + SD), and the ranges of pH 
were 1.5-2.1 and 1.3-2.3 for controls and DU patients, 
respectively. The controls showed a mean fasting duodenal 
pH of 6.7 (SD 0.6), and that of the DU patients was 6.1 
(SD 1.3). There was no statistical difference between these 
two results. 


Frequency Distribution of Duodenal pH Results 


Analysis of the frequency distribution of the total duo- 
denal pH recordings is shown in Figure 4. It is expressed 
in terms of the cumulative percentage of the total number 
of readings made by the duodenal electrode. In the DU 
patient group alone, there appeared to be a tendency to- 
wards a greater nocturnal (rather than daytime) exposure 
to acid within the duodenal bulb, as shown by the in- 
creased percentage of supine data compared to erect (day- 
time) values. However, this increased exposure did not 
reach statistical significance. The daytime acid exposure 
in the healthy controls was slightly greater than that ex- 
perienced at night, the difference not being significant. 

Comparison of the values at all pH levels (those of both 
night and day) revealed no statistical difference between 
the controls and DU patients. 
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TABLE 1. Analysis of Acid Peaks Within the Duodenal Bulb of Erect (daytime) and Supine (nocturnal) Recordings over 24 Hours 
in DU Patients (DU, n = 18) and Controls (n = 10) 











Time (min)* No. of Peaks No. of Peaks <5 min 
pH Level Subject Erect Supine Erect Supine Erect Supine 
pH <4 
DU 13.6 13.1 3.7 4.1 3.9 2.9 
(0.4-29.1) (0.0-50.8) 0.4-9.2) (0.0-6.8) (0.4-8.2) (0.0-6.2) ’ 
Controls 14.9 15.5 3.6 3.5 2.8 3.2 7 
(0.2-34.6) (3.6-51.9) (0.1-7.6) (0.9-5.2) (0.1-6.2) (0.4-3.9) 
pH <3 > 
DU 5.9 6.8 223 2.9 22 2.2 
(0.1-22.1) (0.0-44.3) (0.8-7.8) (0.0-6.4) (0.0-7.5) (0.0-5.4) 
Controls 9.1 8.3 2.9 2.1 2.3 1.9 
(0.0-28.8) (0.9-50.9) (0.0-5.7) (0.0-5.0) (0.0-5.0) (0.4-4.3) 7 
pH <2 4 
DU 1.2 Bl 1.0 1.3 0.9 1.2 
(0.0-17.3) (0.0-30.5) (0.0-4.5) (0.0-9.7) (0.0-4.2) (0.0-6.9) 4 
Controls 4.2 3.5 1.8 1.1 1.6 0.8 i 
(0.0-23.8) (0.0-50.0) (0.0-3.8) (0.1-5.0) (0.0-3.3) (0.1-4.4) | 
* Medians, ranges (data standardized to | hour). Analysis by Mann- Whitney U test and Wilcoxon matched pairs signed test. No significant F 
differences encountered. 


Acid Peaks Within the Duodenum 


The total duration of acid exposure within the duodenal 
bulb at the levels of below pH 4, 3, and 2 was similar for 
both patient and control groups. There was a trend, how- 
ever, in the duodenal ulcer patient group for the nocturnal 
exposure to be greater than that experienced during the 
day, whereas the healthy controls experienced marginally 
greater daytime exposure. Nevertheless, the differences 
did not reach statistical significance (Table 1). The number 
of acid peaks (standardized to 1 hour) was similar for 
both groups at the three pH levels, as were the numbers 
recorded during day and night. Analysis of these acid 
peaks in terms of the number of the peaks of varying 
duration revealed a similar pattern for patients and con- 
trols. The patients experienced a median number of 3.0 
peaks (range of 0.0-8.2) below pH 4 that lasted less than 
5 minutes, as opposed to 2.8 (range of 0.1-6.2) for the 
controls. 


Intragastric Acidity 


The pattern of intragastric acidity was not very dissim- 
ilar between the two groups, and analysis showed that 
there was no statistical difference. Table 2 shows the du- 
ration of rises in the intragastric pH to levels greater than 
those of pH 1-5. The patient group showed a significant 
difference (p < 0.01) between erect (day) and supine 
(night) recordings for levels of pH 2-5—the stomach being 
more acidic during the night. The control group, however, 
experienced a significant difference between the readings 
at pH 4 only. 


The Effects of the Meal 


The ingestion of a standardized solid meal caused an 
initial rise in gastric pH due to the buffering effect of the 
meal. This rise in gastric pH reached a peak at a mean 
pH level of 5.5 (SD 0.9) and 5.4 (SD 0.7) for DU patients 


TABLE 2. Duration of Rises in Intragastric pH over 24 Hours 
in DU Patients and Controls 


DU Patients Controls 
pH Time p Time p 
Level Posture (min)* Valuet (min)* Valuet 
pH>5_ Erect 4.0 <0.01 2.1 NS 
(0.8-9.5) (0.1-9.3) 
Supine 0.2 0.8 
(0.0-6.8) (0.0-2.9) 
pH>4 Erect 10.1 <0.01 1.2 <0.01 
(3.0-16.4) (1.9-16.8) 
Supine 0.7 1.7 
(0.0-11.9) (0.1-5.3) 
pH>3 Erect 14.2 <0.01 15.6 NS 
(3.0-25.6) (6.3-30.4) 
Supine 3.3 Ez 
(1.4-18.8) (2.2-19.2) 
pH>2 Erect 32.4 <0.01 39.0 NS 
(15.1-51.3) (24.9-58.2) 
Supine 24.8 19.5 
(13.1-45.8) (10.2-59.1) 
pH > 1 ., Erect 59.4 NS 59.1 NS 
(46.8-59.7) (46.5-59.7) 
Supine 59.9 59.8 
(49.3-60.0) (37.1-59.9) 


* Median (range) (data standardized to | hour). 
+ Within group analysis: Wilcoxon matched pairs signed test. 
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TABLE 3. The Effect of a Standardized Solid Meal on Duodenal Bulb pH in DU Patients and Controls 


No. of Time From Meal to 
Patients First Peak pH < 4 
DU Patients 18 47.0 
(1-132) 
Controls 10 32.0 
(3-101) 


* Minutes, median (range). 


and controls, respectively. Thereafter, the gastric acidity 
increased steadily over a variable time period, reaching a 
plateau at its pre-meal level. This was achieved in 77.6 
(range of 38.0-157.1) minutes and 98.0 (range of 59.5- 
130.5) minutes (medians and ranges) in the DU patients 
and healthy subjects, respectively (p = NS, Mann-Whit- 
ney). The rate of rise of gastric acidity was similar for both 
the controls and the DU patients. 

The effects of the meal on duodenal pH are shown in 
Table 3. The onset of duodenal bulb acidification after 
the meal was similar for both groups, having median times 
of 47 and 32 minutes for DU patients and controls, re- 
spectively. In terms of the time that levels were lower than 
pH 4, the total duration of duodenal acidity was also sim- 
ilar for the two groups. The ability to switch off the gastric 
acid secretion after stimulation is reflected in the time it 
took for levels—from the peak duodenal acid response 
after the meal—to the return to pre-meal pH values; these 
times, 47.5 and 42 minutes (medians) for patients and 
controls, respectively, were not statistically different for 
the two groups. 


Discussion 


The relative scarcity of studies regarding duodenal acid 
exposure has been due to the technical and methodologic 
difficulties encountered in measuring the duodenal con- 
tents.”"'° Aspiration methods, pioneered in 1910 by Ein- 
horn,'!~'? are not without their disadvantages. The neg- 
ative pressure required to obtain a sample of duodenal 
content may, in fact, draw further gastric acid into the 
duodenum and reflux additional bicarbonate and bile 
from lower areas of the duodenum. Sampling from the 
same position within the duodenal bulb is also very dif- 
ficult. This is of prime importance because it has been 
shown that there is an extremely steep pH gradient within 
the bulb.'? These disadvantages have been overcome by 
the use and refinement of in situ measurements with a 
glass pH electrode.” 57!3-17 

The mean fasting gastric pH in this study of 1.9 and 
1.5 for ulcer patients and healthy subjects, respectively, 
compares favorably with those levels (range of 1.2-2.1) 
reported previously.':!*:'*-?° Likewise in agreement with 
other authors,**'’ we found no significant difference be- 


Time From Peak Response 


p* to Pre-Meal pH p* 
NSt 47.5 NSt 
(20-122) 

42.0 
(15-122) 


t Mann-Whitney. 


tween the fasting duodenal bulb pH levels of the DU pa- 
tients and controls. However, our results of pH 6.7 (con- 
trols) and 6.1 (DU patients) for the fasting duodenal bulb 
pH are similar to those of some earlier studies,'*!° al- 
though they differ from the pH levels of 2.0-3.5 reported 
elsewhere.***' This discrepancy arises from the differing 
positions of the recording electrodes: the apex of the bulb, 
as in this study, and the base of the bulb, as in others.>® 
Rhodes and Preswick!* showed that there is a pH gradient 
along the length of the duodenum. They reported the av- 
erage pH at the base of the duodenal bulb to be pH 3.3, 
and this rose through pH 4.2 in the midpart of the bulb 
to pH 5.1 at the apex. To date, there is no evidence 
whether there is a transmucosal loss of acid in the duo- 
denum, or whether the presence of an ulcer may produce 
such a loss. Because of the pH gradient and in order to 
obtain reproducible results from an exact predetermined 
distance from the pylorus, the use of a “chain” of closely 
tied electrodes has been described." The fasting pH levels 
at a distance 1.5 cm distal to the pylorus were reported 
as varying between 2.4 and 3.5.°** This system ensured 
that the pH was measured at a fixed and known distance 
from the pylorus. An alternative method of securing the 
position of the electrodes entailed the attachment of a 
weight (mercury-filled bag) to the distal pH elec- 
trode.'’-?° Short-term stability has been shown with this 
latter method,’’ and in our investigation, we encountered 
no appreciable movement in the electrode’s position at 
the end of the 24-hour study period. It is, however, most 
important to withdraw the excess length of electrode leads 
from the stomach before securing them at the patient’s 
mouth. This ensures against slack being taken up by the 
caudal peristaltic pull on the weighted bag. 

The 24-hour duodenal acid exposure, as described by 
the cumulative percentage of the total number of record- 
ings made by the duodenal pH electrode, was not signif- 
icantly different between DU patients and controls. This 
did not confirm the results of previous studies performed 
over shorter periods®!? or those reported by Rhodes, Ap- 
simon, and Lawrie.'° In this latter study, the duration of 
the test period of duodenal bulb pH monitoring varied 
between 1 and 17 hours, and the frequency with which 
the pH readings fell below levels of pH 2.5 and 2.0 were 
greater in the patient group. 


ce Pr SE aia das Weer ETRIE Pe ae ee Ra el BMA ce ahha par wn PESTII 


Vol. 208 + No. 6 


Nocturnal gastric acid secretion has been shown to be 
significantly increased in DU patients,?™?* and, although 
we found no significant difference in the gastric pH levels 
between patients and controls, the ulcer patients dem- 
onstrated significantly higher daytime pH levels compared 
with those experienced at night. The relationship between 
this nocturnal hypersecretion and the pathophysiology of 
duodenal ulcer disease is well-recognized.”° In this study, 
however, there was no statistical difference between the 
duodenal nocturnal acid exposure of patients and controls. 
There was a possible trend towards increased nocturnal 
exposure in patients, as is shown by the range of duodenal 
recordings. 

The ingestion of the meal caused the gastric pH to rise 
to levels in agreement with those previously reported,’ 
and the time involved in returning to premeal baseline 
pH values is also similar.” In the duodenum, the post- 
prandial acid exposure (time that levels were lower than 
pH 4) was similar for both study groups. This confirms 
the findings from Rune’s unit,®'® whereas two other 
studies”! reported significant differences at levels of pH 
< 4 and <2.5. Acid neutralization within the duodenal 
bulb in DU patients appeared to be effective and was sim- 
ilar to that of controls. The ability to “‘switch-off’ the 
gastric acid secretion after the meal was also effective in 
both groups, although more recent data indicate that a 
well-defined subset of DU patients exists that has a de- 
fective acid inhibitory mechanism (unpublished obser- 
vations). 

The findings of this study show that, in the duodenal 
bulb acid exposure over a 24-hour period, there is no 
significant difference between DU patients and healthy 
controls. The pattern of duodenal acidification after a solid 
meal is also similar in both DU patients and controls. 
Thus, the pathogenesis of duodenal ulcer disease does not 
appear to be primarily related to acid exposure within the 
duodenal bulb, and gastric acid plays a secondary role in 
this disease. 
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Pyloroplasty Divides Vagus Nerve Fibers to the 
Greater Curvature of the Stomach 


An Axonal Tracing Study 





JUNICHI YOSHIDA, M.D.,*t EDWARD H. POLLEY, PH.D.,f LLOYD M. NYHUS, M.D., F.A.C.S.,* 


and PHILIP E. DONAHUE, M.D., F.A.C.S.* 


Recent studies have demonstrated the location in the dorsal motor 
nucleus of the vagus nerve (dmnX) of nerve cells that project 
preganglionic efferent vagus nerve fibers to the greater curvature 
of the stomach. Although it is clear that these fibers are contained 
within the vagus nerve trunks, the intra-abdominal pathways of 
these fibers are unknown. When a neurotracer was applied to 
the right gastroepiploic pedicle, nerve cells in the bilateral dmnX 
were labeled. If a preliminary anterior or posterior pyloroplasty 
was performed before the application of the neurotracer, cellular 
labeling was seen on the right or left side of the dmnX, respec- 
tively. Furthermore, division of the anterior Latarjet nerve elim- 
inated labeling in cells of the left dmnX. This study demonstrates 
that the preganglionic vagus nerve fibers within the right gas- 
troepiploic pedicle traverse an intramural course across the py- 
lorus and are contained in the Latarjet nerve. 


gotomy, which allows mucosal mapping of residual 

gastric acid secretion after vagotomy, shows that this 
secretion persists along the greater curvature of the stom- 
ach after conventional proximal gastric vagotomy.' This 
persistent acid secretion, however, disappears immediately 
after the division of the right gastroepiploic neurovascular 
bundle. To verify the hypothesis that the right gastroepi- 
ploic neurovascular bundle contains preganglionic efferent 
vagus nerve fibers, we used an axonal tracing method; the 
evidence in support of this hypothesis has been reported.’ 
The pathway that the preganglionic nerve fibers trace from 
their cell bodies in the dorsal motor nucleus of the vagus 
(dmnX) in the brainstem to terminals along the greater 
curvature of the stomach, however, is unknown. Because 
recent physiologic evidence demonstrated that nerve cells 
in the dmnX effecting the rate of gastric acid secretion 
are localized in a segment corresponding to the gastric 
branches of the vagus nerve,’ we hypothesized that nerve 


| NTRAOPERATIVE TESTING for completeness of va- 
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fibers in the right gastroepiploic pedicle might be derived 
from these nerve cells, and travel a transpyloric, intra- 
mural path from the lesser curvature to the greater cur- 
vature of the stomach. 

We used a retrograde axonal tracer, Fluoro-Gold (Flu- 
orochrome Inc., Englewood, CO) (a substituted stilbene),* 
that undergoes endocytosis into axoplasm and subsequent 
transport into cell bodies of neurons by axonal flow. Any 
cause of axotomy—that is, interruption of axonal con- 
nection—leads to failure of cellular labeling in the nerve 
cell from which the axon originates. 


Methods 
Materials 


Fluoro-Gold dissolved in a physiologic saline solution 
was used in male Sprague-Dawley rats (Harlan Industries, 
Indianapolis, IN), weighing 350-450 g, that were anes- 
thetized with a mixture of ketamine (50 mg/kg; Bristol 
Laboratories, Syracuse, NY) and acepromazine (1.0 mg/ 
kg; Aveco Co., Fort Dodge, IN). The rats were treated in 
accordance with the guidelines of the National Institutes 
of Health.° 


Administration of Fluoro-Gold 


Test groups. An injection was made into the right gas- 
troepiploic bundle after anterior and/or posterior pylo- 
roplasty. In Group 1 (n = 5), a Heineke-Mikulicz pylo- 
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TABLE 1. Summary of Labeled Cells in the Dorsal Motor Nucleus of the Vagus 
No. of Labelled Cells Labelled Cells Total Number 

Experiment Patients in the Right dmnX* in the Left dmnX* of Labelled Cells** 
Test Groups 

l 5 85.8 + 21.0 3.6+ 2.9 89.4 + 22.0 

2 4 532 3.1 127.0 + 43.4 132.8 + 44.8 

3 3 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 

4 3 40.7 + 22.3 0.0+ 0.0 40.7 + 22.3 
Control Groups 

5 5 119.2 + 31.3 128.4 + 14.7 247.6 + 21.0 

6 2 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 

7 2 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 
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After the applications of Fluoro-Gold, the brainstem of the rat was 


serially cut. The numbers of labeled cells in the dorsal motor nucleus of 


the vagus (dmnX) are summarized. 


roplasty was performed on the anterior pylorus (Fig. 2A); 
in Group 2 (n = 4), on the posterior pylorus (Fig. 2B), 
and in Group 3 (n = 3), on the anterior and the posterior 
pylorus. A longitudinal incision (1 cm) was made across 
the pylorus. Lateral traction then converted it into a 
transverse incision, which was closed. Next, the right gas- 
troepiploic neurovascular bundle was isolated and the op- 
erative field was protected with gauze pads to avoid spillage 
of the Fluoro-Gold solution. With a Hamilton (Reno, NV) 
syringe, 20 ul of 2% Fluoro-Gold (0.4 mg for each rat) 
were injected into the right gastroepiploic bundle in mul- 
tiple aliquots. The yellow color of the Fluoro-Gold solu- 
tion facilitated the detection of back-flow from the right 
gastroepiploic pedicle; this back-flow was carefully guided 
onto the gauze pads and removed. Finally, cyanoacrylate 
(Ross, Detroit, MI) was applied over the right gastroepi- 
ploic pedicle to seal the site of Fluoro-Gold injection, thus 
avoiding macroscopic spillage. 

In Group 4 (n = 3), the anterior Latarjet nerve was 
divided. After dividing the anterior gastric branch of the 
vagus nerve distal to the origin of the hepatic branch, the 
right gastroepiploic pedicle was prepared and injected with 
20 ul of 2% Fluoro-Gold (0.4 mg for each rat), as in the 
previous groups. 

Control groups. In Group 5 (n = 5) (Fig. 2C), an injec- 
tion was made into the right gastroepiploic neurovascular 
bundle without previous pyloroplasty; the right gastro- 
epiploic bundle was isolated and 20 yl of a 2% Fluoro- 
Gold (0.4 mg for each rat) solution were injected. The 
right gastroepiploic bundle was later sealed with cyanoac- 
rylate. Group 6 (n = 2) received an intravenous (I.V.) 
injection of 1 ml of a 0.04% Fluoro-Gold solution (0.4 
mg for each rat) into the femoral vein. No Fluoro-Gold 
was given to rats of Group 7 (n = 2). 


Histochemical Procedures 


After 4-5 days, the rats were perfused transcardially, 
first with a physiologic saline solution, and then with a 


* Average number. 
+ Expressed as (mean) + (standard error). 


4% paraformaldehyde solution in phosphate buffer. The 
brainstem and the stomach were harvested, and 50 um 
thick sections were cut on a sliding microtome. The 
brainstem was cut frontally. The stomach was cross sec- 
tioned. All the sections were mounted immediately on 
gelatin-coated slides, air-dried, and counterstained with 
0.00002% ethidium bromide solution. A fluorescence 
microscope was used both for wide-band ultraviolet ex- 
citation to observe Fluoro-Gold and for narrow-band 
green excitation to demonstrate the counterstaining by 
ethidium bromide. 

We counted the numbers of labeled cells in sections of 
the brainstem. The gastric sections were examined for the 
presence of Fluoro-Gold. 


Analysis of Data 


Graphics. In reconstructing the serial sections of the 
brainstem three-dimensionally, the distribution of labeled 
cells was depicted as a portion of all the counterstained 
cells in the dmnX. In a given experimental group, the 
distributions of nerve cells in the dmnX were averaged 
for all the rats in the group. 

To visualize the localization of labeled cells in either 
side of the dmnX or along its rostrocaudal extent, the 
average numbers of labeled cells for all the section levels 
were illustrated in a pair of bar graphs for the respective 
experimental groups. 

Statistics. To test localization of labeled cells in either 
side of the dmnX, we employed the paired t-test on the 
numbers of labeled cells per section. The test was two- 
tailed and p values less than .025 were taken as statistically 
significant. 

We processed all the data using an International Busi- 
ness Machines 3081 computer (Armonk, NY) with the 
aid of DISSPLA (Computer Associates, Garden City, NY) 
and SAS (SAS Institute, Cary, NC) softwares. 
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Fics. 1A-E. Fluorescent pho- 
tomicrographs of the rat 
brainstem showing labeled 
cells (arrow) in the dorsal 
motor nucleus of the vagus 
(dmnX) after preparatory 
procedures before the injec- 
tion of Fluoro-Gold into the 
right gastroepiploic neuro- 
vascular bundle. (A) Anterior 
pyloroplasty. Labeled cells 
are seen in the right dmnX 
medially. (B) Posterior py- 
loroplasty. Labeled cells are 
in the left medial dmnX. (C) 
Anterior and posterior pylo- 
roplasties combined. No la- 
beled cells are seen. (D) Di- 
vision of the anterior Latarjet 
nerve. Labeled cells are found 
in the right dmnX in the me- 
dial portion. (E) Injection 
alone. Labeled cells are seen 
in the bilateral dmnX medi- 
ally. These frontal sections 
are 0.30-0.50 mm caudal to 
the obex. The dorsal orien- 
tation is toward the top, the 
right side is toward the night, 
and the midline is where the 
central canal (hole) is located. 
Bar, 0.2 mm. Magnification 
x 80. 
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Anterior Pyloroplasty Before the RGE Injection 
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Fics. 2A-C. Diagrams of distribution of labeled cells in the dorsal motor 
nucleus of the vagus (dmnX) after Fluoro-Gold injections into the right 
gastroepiploic (RGE) pedicle preceded by (A) anterior pyloroplasty, (B) 
posterior pyloroplasty, or (C) no operations. Bar graph, average numbers 
of labeled cells per section in the left (upper) and in the right (lower) 
dmnX along the rostrocaudal axis. Plot, distribution of labeled cells 
(shaded) and of all the cells in the dmnX on a horizontal plane. 


Results 


The sections of the stomach showed no evidence of 
residual Fluoro-Gold indicative of leakage of this neu- 
rotracer. In the brainstem, labeled cells were found only 
in the dmnX, if at all (Table 1). 


Test Groups 


In Group 1, the anterior pyloroplasty group, cells in 
the right dmnX were labeled (average number: 86 cells), 
but an average of four cells only were labeled in the left 
dmnX. The difference between the right and the left sides 
was Statistically significant (p < 0.025). Labeled cells were 
localized in the medial half mediolaterally and in the vi- 
cinity of the obex rostrocaudally (Figs. 1A and 2A). 

In Group 2, the posterior pyloroplasty group, a larger 
number of labeled cells (127 cells) was seen in the left 
dmnX than in the right dmnX (six cells, mean) with sta- 
tistical significance (p < 0.025) in all the rats. The labeled 
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Posterior Pyloroplasty Before the RGE Injection 


2 


cells were localized in the medial part and in the vicinity 
of the obex (Figs. 1B, 2B). 

In Group 3, the anterior and posterior pyloroplasties 
group, none of the cells were labeled in the dmnX 
(Fig. 1C). 

In the group that underwent division of the anterior 
Latarjet nerve (Group 4), none of the cells of the left 
dmnX were labeled; an average of 41 cells were labeled 
in the right dmnX (Fig. 1D). The distribution of labeled 
cells was not plotted because of the small number of la- 
beled cells. 


Control Groups 


In the group that received fluoro-gold injection without 
pyloroplasty (Group 5), an average of 248 cells of the 
dmnX were labeled. The paired t-test showed no signifi- 
cant difference in numbers of labeled cells between both 
sides of the dmnX. The population of labeled cells was 
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FiG. 3. Three-dimensional images of the dorsal brainstem showing the 
extent of the distribution of labeled cells and of all the cells in the dorsal 
motor nucleus of the vagus (dmnX) in a rat that received the injection 
of Fluoro-Gold into the right gastroepiploic (RGE) neurovascular bundle. 
Every fourth section (0.20-mm apart) was selected for this reconstruction 
of the dorsal brainstem for better understanding of spatial organization 
within the dmnX. The areas of the labeled cells are shaded in the sections 
and on the horizontal plane projected dorsoventrally. Note the bilateral 
localization of labeled cells in the medial half of the dmnX. 


limited to the medial portions of the bilateral dmnX and 
in the vicinity of the obex along the rostrocaudal axis 
(Figs. 1E, 2C, and 3). 

In the group that received I.V. injection (Group 6), no 
cells were labeled in the brainstem in the two rats. 

In the group that did not receive Fluoro-Gold (Group 
7), no cells in the brainstem were labeled. 


Discussion 
Methodologic Considerations 


Early investigators of the distribution of preganglionic 
vagus nerve fibers in the abdomen showed that vagus 
nerve terminals throughout the peritoneal cavity can in- 
corporate and transport neurotracers to the cells of origin 
in the brainstem. For example, horseradish peroxidase’* 
and fluorescent dyes, such as True Blue (Sigma) (1,2-bis[5- 
amidino-2-benzofuranyl]-ethylenediaceturate),’? can be 
demonstrated within cells of the dmnX after being injected 
into the peritoneal cavity. Therefore, exclusion of non- 
specific or random uptake of neurotracer is an important 
component of analysis. Furthermore, critical analysis is 
required to exclude the possibility of nonspecific labeling 
of vagus nerve cells caused by blood-borne neurotracer, 
as shown in a previous study.'° Because we injected Flu- 
oro-Gold into a neurovascular bundle, this second issue 
deserves consideration. 
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First, regarding leakage of Fluoro-Gold from the pri- 
mary site of application, a major advantage of Fluoro- 
Gold is that any leak can be assessed by microscopic ex- 
amination of visceral sections. We have reported the ef- 
ficacy of Fluoro-Gold in documenting the presence or 
absence of leaks in the abdominal cavity because Fluoro- 
Gold can be detected on the serosal surfaces of gut sec- 
tions.'' Because none of the rats showed such evidence 
in this study, we can exclude the possibility of Fluoro- 
Gold leak and subsequent uptake of the neurotracer by 
intra-abdominal vagus nerve fibers as an explanation for 
cellular labeling in the dmnX observed. 

Because no cells were found labeled after the I.V. ad- 
ministration of Fluoro-Gold in the same amount as that 
received by the test groups, it is virtually impossible that 
the Fluoro-Gold labeling in cells of the dmnX resulted 
from inadvertent I.V. injection of the right gastroepiploic 
vein when Fluoro-Gold was applied to the right gastro- 
epiploic pedicle. Thus, cellular labeling in the dmnX must 
have been caused by the axonal transport of Fluoro-Gold 
from the site of application in the right gastroepiploic 
bundle. 


Anatomy of Preganglionic Efferent Vagus Nerve 


In rats, Fox and Powley’” described the segregation of 
the dmnX into longitudinal columns. Each column cor- 
responds to an individual subdiaphragmatic vagus nerve 
branch. The medial columns on the right and left sides 
are related to the posterior and the anterior gastric 
branches, and the lateral columns of the right and the left 
dmnX are related to the celiac and the accessory celiac 
branches of the vagus nerve, respectively. 

Our study showed that the nerve fibers in the right gas- 
troepiploic pedicle have a bilateral origin from the medial 
portions of the dmnX. In addition, the disruption of the 
anterior and/or the posterior wall of the pyloric stomach 
and duodenum resulted in elimination of cellular labeling 
in the dmnX after Fluoro-Gold injection into the right 
gastroepiploic pedicle. These findings, therefore, provide 
anatomic evidence to support the hypothesis that the pre- 
ganglionic efferent vagus nerve fibers travel in the intra- 
mural pylorus. It is most likely that these fibers course 
from the anterior and the posterior gastric branches of 
the vagus nerve, because Fox and Powley’s report suggests 
that the two gastric branches correspond to the medial 
columns of the bilateral dmnX.!” 

To determine whether or not these fibers travel in the 
Latarjet nerve, we divided the anterior or the posterior 
gastric branch of the vagus nerve before injecting Fluoro- 
Gold into the right gastroepiploic pedicle. The technical 
difficulty of selective cutting of the posterior Latarjet nerve 
in rats resulted in an inconsistent pattern of distribution 
of labeled cells in the dmnX, and therefore results are not 
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given. Division of the anterior Latarjet nerve before the 
injection into the right gastroepiploic pedicle, however, 
indicated that some axons of the right gastroepiploic ped- 
icle were projected from the left dmnX. 

Because the right gastroepiploic artery originates from 
the celiac trunk, we originally hypothesized that any vagus 
nerve fibers within the right gastroepiploic pedicle would 
pass through the celiac plexus. Our study did not agree 
with this hypothesis because the simultaneous pyloro- 
plasties on the anterior and the posterior walls of the py- 
lorus, which left the celiac trunk undisturbed, prevented 
labeling of cells in the dmnX after the right gastroepiploic 
injection of Fluoro-Gold. This finding is consistent with 
a vagus nerve anatomic pathway that includes the brain- 
stem, the Latarjet nerve, the intramural portion of the 
pyloric stomach, and the right gastroepiploic bundle. 

Thus this study provides the first direct evidence that 
vagus nerve fibers from the antrum supply the corpus.'? 
It furnishes evidence that the right gastroepiploic vagus 
nerve fibers do not traverse the celiac plexus; instead, these 
vagus nerve fibers are derived from the gastric vagus 
branches to the pyloric stomach. 


Physiologic and Clinical Implications 


A recent physiologic investigation reported that electric 
stimulation of the medial portion of the dmnX of rats 
elicits gastric acid secretion and that lateral stimulation 
of the dmnX effects insulin secretion.’ This finding sup- 
ports the thesis that the vagus nerve fibers in the right 
gastroepiploic pedicle might be partially responsible for 
gastric acid secretion, because those fibers were found to 
originate in the medial portions of the dmnX. This work, 
therefore, provides evidence to support the premise that 
the right gastroepiploic pedicle should be divided during 
proximal gastric vagotomy. 

As to the surgical implication of pyloroplasty concur- 
rent with vagotomy, the usual type of pyloroplasty per- 
formed solely on the anterior wall may have limited in- 
fluence on the diminution of gastric acid secretion. In- 
terestingly, however, a recent study comparing gastric acid 
secretion in patients with proximal gastric vagotomy with 
or without pyloroplasty showed a significantly greater de- 
crease in postoperative acid secretion in the pyloroplasty 
group.'* Although the explanation for this difference was 
unclear to the authors, they concluded that the effect of 
pyloroplasty was real because the difference was persistent 
at the fifth year of follow-up. Although mechanisms re- 
lated to duodenal contents, afferent reflex arcs, or effects 
on gastric mucosal cells may influence rates of acid se- 
cretion, it is possible that the pyloroplasty divided trans- 
pyloric nerve fibers that effect acid secretion. ) 
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Conclusion 


The right gastroepiploic neurovascular bundle contains 
fibers of preganglionic efferent vagus nerve. They originate 
in the medial portions of the dmnX, travel in the anterior 
and the posterior walls of the pylorus, and reach the greater 
curvature of the stomach. It is conceivable that these fibers 
are in part responsible for gastric acid secretion from the 
mucosa innervated by the right gastroepiploic bundle. 
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Administration of Balanced or BCAA-Enriched 
Amino Acid Solution in Septic Rats 


Effects on Protein Synthesis in the Liver 





PETER PEDERSEN, M.D., SHUJUN LI, M.D., PER-OLOF HASSELGREN, M.D., PH.D., RICK LAFRANCE, PHARM.D., and 


JOSEF E. FISCHER, M.D., F.A.C.S. 


Total hepatic protein synthesis was measured in vivo with a 
flooding-dose technique, and the production of total secreted 
proteins, albumin, complement component C3, and seromucoid 
fraction was measured in perfused livers of septic rats that re- 
ceived one of three different solutions infused intravenously; 
Group 1 received 16.4% dextrose; Group 2 received Aminosyn® 
(25% BCAA) in 10.6% dextrose, and Group 3 received Freamine 
HBC® (45% BCAA) in 10.6% dextrose. All solutions were iso- 
caloric, and the amino acid solutions were isonitrogenous. The 
solutions were administered for 18 or 48 hours after the induction 
of sepsis. There were no significant differences in mortality rates 
in the three treatment groups. The negative nitrogen balance 
seen in the dextrose-infused animals was reversed to the same 
degree by the two different amino acid solutions. There were no 
significant differences in hepatic protein synthesis rates in vivo 
between the three groups of rats. Synthesis rates of secreted 
proteins in perfused liver were similar in the different treatment 
groups in the 18-hour experiments, whereas in the 48-hour ex- 
periments, synthesis rates of total secreted proteins, C3, and the 
serumucoid fraction were higher in Group 1 than in Groups 2 
and 3. The results suggest that administration of an amino acid 
solution improves nitrogen balance in sepsis, but that this effect 
is not caused by stimulated hepatic protein synthesis. The ni- 
trogen-sparing effect during sepsis of a branched chain amino 
acid (BCAA)-enriched solution does not seem to be superior to 
that of a balanced amino acid solution. 


sepsis has been reported as occurring in both 

humans! and experimental animals.” Recent 
studies suggested that this response to sepsis is of impor- 
tance for survival,' probably reflecting increased produc- 
tion of acute-phase proteins, which are essential for im- 
munodefense, leukocytic function, tissue repair, and 
wound-healing. Consequently, methods to further stim- 
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ulate hepatic protein synthesis during sepsis may be ben- 
eficial. 

During the past decade, there has been an active interest 
in the use of branched chain amino acid (BCAA)-enriched 
solutions in patients with hepatic failure, trauma, or sep- 
sis.* A number of studies in humans and experimental 
animals have suggested that there is a nitrogen-sparing 
effect of the BCAA or their keto acids.*~’ In a recent pro- 
spective, randomized study of critically ill and septic 
patients, plasma concentrations of some acute-phase pro- 
teins were increased in patients who received a BCAA- 
enriched amino acid solution, and the data were inter- 
preted as indicating a stimulatory effect of BCAA—in 
particular, of leucine—on hepatic protein synthesis.’ Di- 
rect measurement of protein synthesis, however, was not 
performed in that study, and in addition to enhanced 
protein synthesis in liver, increased plasma protein con- 
centrations may have reflected reduced protein breakdown 
rate or altered compartmentalization. Thus, the effect of 
BCAA-enriched solutions and other amino acid solutions 
on hepatic protein synthesis during sepsis remains unclear. 

The purpose of the present study was to compare he- 
patic protein synthesis rates in three groups of septic rats 
that received intravenous (I. V.) infusion of dextrose alone, 
a balanced amino acid solution, or a BCAA-enriched so- 
lution. 


Materials and Methods 
Experimental Design 


Male Sprague-Dawley rats (Zivic Miller Labs, Inc., Ze- 
lienople, PA) (100-120 g) were housed individually in 
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metabolic cages. Five days before the study, the right jug- 
ular vein was cannulated with silicone tubing (0.047 inches 
outer diameter; Silastic®, Dow Corning Corp. Medical 
Products, Midland, MI) under pentobarbital anesthesia 
(35 mg/kg body weight intraperitoneally). The tubing was 
tunneled subcutaneously and brought through the skin 
at the midscapular region of the neck and was protected 
by a coiled steel cable connected to a swivel apparatus. 
The lines were kept open by infusing 0.5-1 ml/hour of 
saline (Holter Adler Pump®, Model 903, Extracorporeal 
Medical Specialties, King of Prussia, PA). The rats were 
allowed food and water ad libitum after placement of the 
venous catheter. Only those animals that gained weight 
and appeared healthy were included in the study. 

Sepsis was induced under pentobarbital anesthesia (35 
mg/kg, intraperitoneally) by cecal ligation and puncture 
(CLP) as described previously.’ Food was withheld, but 
water was allowed ad libitum after induction of sepsis. 

The animals were randomized to receive one of three 
different solutions. Group 1 received dextrose 16.4%; 
Group 2 received Aminosyn® 5%, a balanced amino acid 
solution in which 25% of amino acids are BCAA (Abbott 
Labs., North Chicago, IL) in 10.6% dextrose; Group 3 
received Freamine HBC® 5% in which 45% of the amino 
acids are BCAA (Kendall-McGawy, Irvine, CA) in 10.6% 
dextrose. All solutions were isocaloric (0.56 kcal/ml), and 
the solutions containing amino acids were almost isoni- 
trogenous. Aminosyn® contains 7.8 mg N/ml and Fre- 
amine HBC® contains 7.0 mg N/ml. Adequate amounts 
of electrolytes, minerals, and vitamins were added to the 
solutions, which were prepared under laminar flow hoods 
according to standard aseptic technique. Target calories 
were 20-25 kcal/100 g body weight per 24 hours and 
amino acids at 200-250 mg N/100 g per 24 hours in a 
volume of 30-35 m1/100 g per 24 hours. 

Two series of experiments were performed. In the first 
series of experiments, the I.V. solutions were administered 
for 18 hours after induction of sepsis. and in the second 
series of experiments, for 48 hours after induction of sep- 
sis. Thus, the different solutions were continuously ad- 
ministered during the complete septic course in both ex- 
periments. Within each experiment, different groups of 
rats were used for the study of hepatic protein synthesis 
in vivo or in perfused liver. In addition, blood glucose, 
lactate, blood urea nitrogen (BUN), nitrogen balance, and 
hepatic protein content were measured in rats in which 
protein synthesis in vivo was measured. 


Hepatic Protein Synthesis In Vivo 


Protein synthesis was measured in vivo with the flood- 
ing-dose technique described by McNurlan et al.’ Im- 
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mediately before measurement, the I.V. infusion was dis- 
connected, and the animals were anesthetized with pen- 
tobarbital (35 mg/kg intraperitoneally). U-'*C-leucine (10 
uCi and 100 umol/100 g of body weight in | ml of saline/ 
100 g of body weight) was administered intravenously, 
and liver biopsies (400-500 mg) were taken 2 and 10 
minutes after injection of isotope. Determination of the 
specific radioactivity of protein-bound leucine (Sg) and 
of free leucine in the precursor pool (S,) during the 
period of measurement (t) was described in detail previ- 
ously.*” The rate of protein synthesis (K.), expressed as 
the proportion of the protein pool that is replaced each 
day (%/day), was calculated from the equation: K, = (Sp 
x 100)/(Sa X t).? 


Protein Synthesis in Perfused Livers 


Immediately before measurement of protein synthesis 
in perfused liver, the intravenous infusion was discon- 
nected, and the animals were anesthetized with pento- 
barbital as described above. Livers were perfused in situ 
as described in detail previously.* The synthesis of total 
secreted proteins was determined by measuring radioac- 
tivity in the trichloroacetic acid (TCA)-precipitated frac- 
tion of aliquots taken from the medium. The seromucoid 
fraction, of which a,-acid glycoprotein is the major com- 
ponent, was determined by phosphotungstenate precipi- 
tation of perchloric acid soluble proteins.’ Synthesis of 
albumin and complement component C3 was determined 
by measuring the radioactivity in the immunoprecipitated 
proteins.’ Rat-specific albumin and C3 antisera were ob- 
tained from Cappel (Cappel Worthington, Malvern, PA). 
Because the concentration of the precursor amino acid 
in the perfusate was high (five times that of normal plasma 
concentration), the extracellular specific radioactivity was 
used for calculation of incorporation of leucine into pro- 
tein. 


Other Measurements 


After the last liver biopsy had been performed for the 
animals in which hepatic protein synthesis was measured 
in vivo, blood was drawn by heart puncture, and blood 
glucose and lactate were determined enzymatically, using 
a YSI Model 23A glucose and lactate analyzer (Yellow 
Springs Instrument Co., Yellow Springs, OH). BUN and 
urinary nitrogen were determined by chemiluminescence 
technique (Antek Instruments, Houston, TX). Nitrogen 
balance was calculated as the difference between amount 
of infused nitrogen and amount of nitrogen excreted in 
urine. Because animals did not eat during the experiment 
period, the amount of feces was small and fecal nitrogen 
was not included in the calculations of nitrogen balance. 
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TABLE 1. Hepatic Protein Synthesis In Vivo, Liver Weight, and Hepatic Protein Content 
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18 hours 
Dextrose Aminosyn 
No. of rats fi 6 
Protein synthesis (%/day) 44+4 57+9 
Liver weight (g/100 g 
body weight) 4.7+0.3 5.2 + 0.4 
Hepatic protein content 
(g/100 g body weight) 0.77 + 0.04 0.85 + 0.04 


* p < 0.05 versus dextrose. 


Statistics 


Results are presented as mean + SEM. Statistical com- 
parisons were made using analysis of variance (ANOVA) 
followed by Tukey’s test. Survival data were compared 
using chi square test. 


Results 


Surviving animals showed signs of illness in the form 
of piloerection, exudate around the eyes, small amounts 
of diarrhea, and lethargy both 18 and 48 hours after CLP, 
with no apparent difference between the different groups 
of rats. Mortality rates for the 18-hour experiment were 
3/17 (18%), 1/14 (7%) and 0/18 in Groups 1, 2, and 3, 
respectively. The corresponding figures in the 48-hour ex- 
periment were 4/17 (24%), 3/21 (14%), and 3/19 (16%), 
in Groups 1, 2, and 3, respectively. The differences in 
mortality rates between the three groups of rats were not 
statistically significant in either of the experimental series. 

In the first series of experiments, lasting for 18 hours, 
there were no significant differences in infused volume, 
calorie intake, or nitrogen intake among the three groups 
of rats (data not shown). Nitrogen balance was negative 
in animals receiving glucose (—98 + 8 mg N per 18 hours, 
n = 7), but animals infused with amino acids were in 
positive nitrogen balance (178 + 24 mg N per 18 hours 
in Group 2, n = 6; 156 + 17 mg N per 18 hours in Group 
3, n = 10) despite a higher nitrogen excretion. 

In the second series of experiments, which continued 
for 48 hours, rats of Group 2 inadvertently received 17% 
(p < 0.05) more volume than the other two groups of 
rats. It follows that calorie and nitrogen intake was likewise 
higher in this group. Despite this, nitrogen balance was 
positive in both groups of rats that received amino acid 
infusions, with no significant difference between Group 
2 (432 + 23 mg N per 48 hours, n = 10) and Group 3 


Duration of Experiment 


48 hours 
Freamine Freamine 
HBC Dextrose Aminosyn HBC 
10 7 10 9 
6l +4 63 + 11 70 +5 69 +2 
5.2+0.3 48+0.2 5.2+0.2 Si + Ol 
0.89 + 0.07 0.75 + 0.04 0.90 + 0.03* 0.87 + 0.03 


(369 + 30 mg N per 48 hours, n = 9). Nitrogen balance 
in Group | (n = 7) was —224 + 17 mg N per 48 hours. 

Although there was a trend towards higher in vivo he- 
patic protein synthesis rates in Groups 2 and 3 than in 
Group 1 in both series of experiments, the differences 
among the treatment groups were not statistically signif- 
icant (Table 1). A similar trend towards higher liver weight 
and hepatic protein content were noted in Groups 2 and 
3, but the only significant difference was an increased he- 
patic protein content in Group 2 in the 48-hour experi- 
ment (Table 1), possibly reflecting the high calorie and 
nitrogen intake of this group. 

Synthesis rates of secreted proteins in perfused liver in 
the 18-hour experiment are illustrated in Figure 1. In these 
experiments, livers were perfused for 2 hours. Although 
there was a tendency towards higher synthesis rates in 
perfused livers of rats receiving Aminosyn infusion during 
sepsis, the differences among the three treatment groups 
were not statistically significant. 

In the second series of experiments, livers were perfused 
for 3 hours. Also in these experiments, no stimulatory 
effect on protein synthesis of the amino acid solutions 
could be demonstrated (Fig. 2). On the contrary, synthesis 
rates of total secreted proteins, C3 and a,-acid glycopro- 
tein, were lower in Groups 2 and 3 than in Group 1. 

Plasma glucose was lower in the groups of rats that 
received amino acid solutions than in dextrose-infused 
rats in both experiments (Table 2). In the first experiment, 
plasma lactate level was highest in the group of animals 
infused with dextrose alone, whereas in the second ex- 
periment, plasma lactate was highest in the rats that re- 
ceived Freamine HBC (Table 2). In the first experiment, 
BUN was significantly lower in the dextrose-infused group 
of rats than in animals receiving amino acids, with Group 
2 having slightly but not significantly higher BUN than 
Group 3. In the second experiment, BUN was almost 
identical in the three treatment groups (Table 2). 
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Discussion 


This study demonstrated that administration of a bal- 
anced or a BCAA-enriched amino acid solution yielded 
a positive nitrogen balance in septic rats, suggesting stim- 
ulated protein synthesis and/or reduced protein break- 
down in one or several organs or tissues. Because both 
total hepatic protein synthesis in vivo and production of 
secreted proteins in perfused liver were not higher in rats 
receiving amino acid solutions than in rats treated with 
dextrose alone, it is likely that the treatment with amino 
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acids effected protein metabolism in some organ or tissue 
other than the liver. The finding that BUN was not in- 
creased in rats that received amino acids for 48 hours 
after induction of sepsis suggests that the positive nitrogen 
balance did not reflect a continuous accumulation of 
nonprotein nitrogen in the body. 

The nitrogen-sparing effect of amino acid solutions ob- 
served in this study is in agreement with several previous 
reports.'°"'? Controversy exists over whether BCAA-en- 
riched solutions have a better nitrogen-sparing effect than 
balanced amino acid solutions. In some studies, data sug- 
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gested that infusion of BCAA alone was equally effective 
or superior to infusion of a complete amino acid mixture 
in maintaining nitrogen balance in postoperative pa- 
tients.'*:'* Bower et al.’ found that nitrogen retention was 
somewhat higher in septic and critically ill patients who 
received a 45% BCAA solution than it was in patients 
infused with an amino acid solution containing 25% 
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b) 


Fics. 2A-D. Synthesis of 
(A) total secreted protein, 
(B) complement compo- 
nent C3, (C) seromucoid 
fraction (a,-acid glyco- 
protein), and (D) albumin 
in perfused livers of septic 
rats that received I.V. in- 
fusion of dextrose (Group 
1, O, n = 6), Aminosyn® 
(Group 2, A, n = 8) or 
9) Freamine HBC® (Group 
3, @, n = 7) for 48 hours 
after induction of sepsis. 
*p < 0.05 versus Groups 
I 2 and 3; *p < 0.05 versus 
Group 2. 
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Albumin 
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Time of perfusion (h) 


BCAA. By contrast, Daly et al.'° found no beneficial effect 
on nitrogen balance when comparing two solutions with 
25% or 45% BCAA in patients undergoing cystectomy. 
Several studies, including the present one, using experi- 
mental animals also failed to show a superior effect of 
BCAA-enriched solutions on nitrogen balance in trauma 
and sepsis. !°!’ 
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TABLE 2. Plasma Glucose, Lactate, and BUN 18 Hours and 48 Hours afier CLP and Infusion of Different Nutritional Regimens 
Duration of Experiment 
18 hours 48 hours 

Dextrose Aminosyn Freamine HBC Dextrose Aminosyn Freamine HBC 
No. of rats 7 8 7 10 9 
Glucose (mg/dl) 120 + 11 83 + 20* AS Boake i 117 +17 T2 5* 59 + 7* 
Lactate (mg/dl) 68 + 6 51.+.4* 53 +8 66+7 54+4 75 + 4+ 
BUN (mg/dl) 12+2 26 + 2* 20'+ 2* 233 23:3 2324 





* p < 0.05 versus dextrose. 


Protein turnover in liver has been suggested to be reg- 
ulated by BCAA and other amino acids. Thus, protein 
synthesis in incubated liver slices was stimulated by leu- 
cine,'® and administration in vivo of the individual BCAA 
(leucine, isoleucine and valine) to rats increased hepatic 
protein synthesis.’ In perfused rat liver, protein synthesis 
was accelerated by various amino acid mixtures.”° Protein 
synthesis in isolated hepatocytes was increased by several 
amino acids, of which alanine had the most stimulatory 
effect.” 

In most previous studies, hepatic protein synthesis was 
increased from a basal level by amino acids. It is well- 
established that hepatic protein synthesis is increased 
during sepsis. In the current study, we tested the hy- 
pothesis that hepatic protein synthesis in septic rats could 
be further stimulated by the administration of a balanced 
or a BCAA-enriched amino acid solution. Since dextrose- 
infused rats served as control in the current study, it is 
possible that synthesis rates were improved in all three 
groups of rats compared with untreated septic animals. 
This is less likely, however, because the synthesis rates 
observed in this study, both in vivo and in perfused liver, 
were very close to synthesis rates in septic rats that had 
only been volume-resuscitated with saline.* The experi- 
ments in this study were designed to yield isocaloric so- 
lutions in the different treatment groups that would make 
it possible to appreciate any specific beneficial effect of 
the amino acid solutions. Thus, the present results can at 
least be interpreted as indicating that, in terms of increased 
hepatic protein synthesis in septic rats, a balanced amino 
acid solution or a BCAA-enriched solution did not offer 
any advantage over an isocaloric dextrose solution. In 
fact, livers of dextrose-infused rats produced several se- 
creted proteins at a higher rate than was found in livers 
of amino acid-infused rats. 

One possible reason why no beneficial effect of the 
amino acid solutions on hepatic protein synthesis was 
found in this study could be that protein synthesis in the 
liver was already maximally stimulated by the septic con- 
dition. It is also possible that increased amino acid uptake 


+ p < 0.05 versus Aminosyn. 


by the liver during sepsis! is sufficient to provide substrates 
for the stimulated protein synthesis, and an external sup- 
ply of extra amino acids may not be required to maintain 
protein synthesis—at least not during the phase of sepsis 
when muscle proteolysis is stimulated. Furthermore, it 
should be noted that a large amount of amino acids used 
for protein synthesis in liver is drawn from intracellular 
pools that recruit most of their amino acids from protein 
breakdown in the hepatocyte itself.?” 

Another possible reason why we did not see an effect 
on liver protein synthesis by the different amino acid so- 
lutions in the present study may be a suboptimal calorie 
intake (average 20-22 kcal/100 g per day). In a recent 
study, 27-35 kcal/100 g per day were required to maintain 
growth rate in young rats that received parenteral nutri- 
tion.” However, because stimulatory effects of singly-ad- 
ministered amino acids on liver protein synthesis have 
been reported with a calorie intake as low as 13 kcal/ 
day,’ it is less likely that the present results were due to 
low calorie intake. 

Although the present result of improved nitrogen bal- 
ance suggests that protein turnover was effected by ad- 
ministration of amino acid solutions, further experiments 
are required to determine in which organ(s) or tissue(s) 
protein metabolism was influenced by the treatments. 
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CASE # 24 AGE: 55 SEX: FEMALE 

DIAGNOSIS: CECAL CARCINOMA 

SYMPTOMS: ANEMIA (Hg 6 gm/dl) 

OPERATION: RIGHT HEMICOLECTOMY & GASTROSTOMY 





The patient had a right hemicolectomy with stapled (U.S. 
Surgical Corp) anastomosis and fascia closure and a MOSS® 
gastrostomy tube. The stomach and proximal duodenum were 
aspirated, with immediate simultaneous feeding into the distal 
duodenum. 


Barium feeding 5 hours postop documented adequate 
motility. The deliberate excess was totally removed. No 
contrast (i.e.: excess feeding) escaped efficient aspiration 
within the proximal duodenum, to reflux into the stomach. 
(Figure A) Serial motility study showed barium had traversed 
the anastomosis and colon, and already was exiting in a 
spontaneous bowel movement by 21 hours postop. (Figure C) 


She received 300 mli/hr of Vivonex TEN (Norwich Eaton 
Pharm), absorbed 5,000 kcal the initial 20 hours, and then 
tolerated a general diet. She was the 4th patient discharged 
uneventfully 24 hours after bowel resection and reanastomosis. 


B. Motility @ 4 hours (9 hours postop). 
All barium is within the ileum. 





A. Study @ 5 minutes (5 hours postop). 
Note efficient removal of all excess barium, 
with none reaching the stomach. 








C. Motility @ 16 hours (21 hours postop). 
Barium is exiting in a spontaneous bowel 
movement. 


Call MOSS TUBES, INC (518) 674-3109 for introductory sample and literature. 
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Coverage of specified agents is based upon the Microbiology Section of the Prescribing 
Information as published in the 1988 Physicians’ Desk Reference? 


-Data available from Merck Sharp & Dohme, West Point, PA 19486. 


= PRIMAXIN is contraindicated in patients who have shown hypersensitivity to any 
_ component of this product. Before initiating therapy with PRIMAXIN, careful inquiry 
d be made concerning previous hypersensitivity reactions to penicillins, 
_ cephalosporins, other beta-lactams, and other allergens. If an allergic reaction to 
_ PRIMAXIN occurs, discontinue the drug. Serious hypersensitivity reactions may 
_ require epinephrine and other emergency measures. 
NE POSS Fae 


ies In vitro activity does not necessarily imply in vivo effectiveness. 
n indicated organisms are suspected at indicated sites 


KAT 
i 













he =i pee 
i a5 
Ags Re 





INTRAVENOUS 





ru AEDE We 








INTRAVENOUS 


IN 





(Imipenem-Cilastatin Sodium|MSD) 


Contraindications: PRIMAXIN is contraindicated in patients who 
have shown hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSI- 
TIVITY (anaphylactic) REACTIONS HAVE BEEN REPORTED IN 
PATIENTS RECEIVING THERAPY WITH BETA LACTAMS. THESE 
REACTIONS ARE MORE APT TO OCCUR IN PERSONS WITH A HIS- 
TORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 


THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF 
PENICILLIN HYPERSENSITIVITY WHO HAVE EXPERIENCED 
SEVERE HYPERSENSITIVITY REACTIONS WHEN TREATED WITH 
ANOTHER BETA LACTAM. BEFORE INITIATING THERAPY WITH 
‘PRIMAXIN; CAREFUL INQUIRY SHOULD BE MADE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, 
CEPHALOSPORINS, OTHER BETA LACTAMS, AND OTHER ALLER- 
GENS. IF AN ALLERGIC REACTION TO ‘PRIMAXIN’ OCCURS, DIS- 
CONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS 
MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with virtually all antibiotics, including PRI- 
MAXIN; therefore it is important to consider its diagnosis in patients who develop diarrhea in 
association with antibiotic use. This colitis may range in severity from mild to life threatening. 


Mild cases of pseudomembranous colitis may respond to drug discontinuance alone. In more 
severe Cases, management may include sigmoidoscopy, appropriate bacteriological studies, 
fluid, electrolyte, and protein supplementation, and the use of a drug such as oral vancomy- 
cin, as indicated. Isolation of the patient may be advisable. Other causes of colitis should also 
be considered. 


Precautions: Genera/—CNS adverse experiences such as confusional states, myoclonic 
activity, and seizures have been reported during treatment with PRIMAXIN, especially when 
recommended dosages were exceeded. These experiences have occurred most commonly in 
patients with CNS disorders (e.g., brain lesions or history of seizures) and/or compromised 
renal function. However, there have been reports of CNS adverse experiences in patients who 
had no recognized or documented underlying CNS disorder or compromised renal function. 


Patients with severe or marked impairment of renal function, whether or not undergoing 
hemodialysis, had a higher risk of seizure activity when receiving maximum recommended 
doses than those with no impairment of renal function; therefore, maximum recommended 
doses should be used only where clearly indicated (see DOSAGE AND ADMINISTRATION). 


Patients with creatinine clearances of <5 mL/min/1.73 m? should not receive PRIMAXIN 
unless hemodialysis is instituted within 48 hours. 


For patients on hemodialysis, PRIMAXIN is recommended only when the benefit outweighs 
the potential risk of seizures. 


Close adherence to the recommended dosage and dosage schedules is urged, especially in 
patients with known factors that predispose to convulsive activity. Anticonvulsant therapy 
should be continued in patients with known seizure disorders. If focal tremors, myoclonus, or 
seizures occur, patients should be evaluated neurologically, placed on anticonvulsant therapy 
if not already instituted, and the dosage of PRIMAXIN re-examined to determine whether it 
should be decreased or the antibiotic discontinued. 


As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of nonsus- 
ceptible organisms. Repeated evaluation of the patient's condition is essential. If superinfec- 
tion occurs during therapy, appropriate measures should be taken. While PRIMAXIN pos- 
sesses the characteristic low toxicity of the beta-lactam group of antibiotics, periodic 
assessment of organ system function during prolonged therapy is advisable. 


Drug Interactions—Since concomitant administration of PRIMAXIN and probenecid results in 
only minimal increases in plasma levels of imipenem and plasma half-life, it is not recom- 
mended that probenecid be given with PRIMAXIN. 


PRIMAXIN should not be mixed with or physically added to other antibiotics. However, PRI- 
MAXIN may be administered concomitantly with other antibiotics, such as aminoglycosides 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Gene toxicity studies were performed 
in a variety of bacterial and mammalian tests in vivo and in vitro. The tests were: V79 mamma- 
lian cell mutation assay (PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
alone), unscheduled DNA synthesis assay (PRIMAXIN), and in vivo mouse cytogenicity test 
(PRIMAXIN). None of these tests showed any evidence of genetic damage. 


Reproduction tests in male and female rats were performed with PRIMAXIN at dosage levels 
up to 8 times the usual human dose. Slight decreases in live fetal body weight were restricted 
to the highest dosage level. No other adverse effects were observed on fertility, reproductive 
performance, fetal viability, growth, or postnatal development of pups. Similarly, no adverse 
effects on the fetus or on lactation were observed when PRIMAXIN was administered to rats 
late in gestation. 

Pregnancy—Pregnancy Category C: Teratogenicity studies with cilastatin sodium in rabbits 
and rats at 10 and 33 times the usual human dose, respectively, showed no evidence of 
adverse effect on the fetus. No evidence of teratogenicity or adverse effect on postnatal growth 





or behavior was observed in rats given imipenem at dosage levels up 
to 30 times the usual human dose. Similarly, no evidence of adverse 
effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 


Teratology studies with PRIMAXIN at doses up to 11 times the usual 
human dose in pregnant mice and rats during the period of major 
organogenesis revealed no evidence of teratogenicity. 


Data from preliminary studies suggest an apparent intolerance to 
PRIMAXIN (including emesis, inappetence, body weight loss, diar- 
rhea, and death) at doses equivalent to the average human dose in 
pregnant rabbits and cynomolgus monkeys that is not seen in non- 
pregnant animals in these or other species. In other studies, PRI- 
MAXIN was well tolerated in equivalent or higher doses (up to 11 
times the average human dose) in pregnant rats and mice. Further 
Studies are under way to evaluate these findings. 


There are, however, no adequate and well-controlled studies in preg- 
nant women. PRIMAXIN should be used only if the potential benefit 
justifies the potential risk to the fetus. 


Nursing Mothers—It is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when PRIMAXIN is adminis- 
tered to a nursing woman. 


Pediatric Use—Satety and effectiveness in infants and children below 12 years of age have not 
yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 patients 
treated in clinical trials were severely ill and had multiple background diseases and physio- 
logical impairments, making it difficult to determine causal relationship of adverse experi- 
ences to therapy with PRIMAXIN. 


Local Adverse Reactions—Local adverse clinical reactions that were reported as possibly, 
probably, or definitely related to therapy with PRIMAXIN were: phlebitis/thrombophlebitis 
(3.1%), pain at the injection site (0.7%), erythema at the injection site (0.4%), vein induration 
(0.2%), infused vein infection (0.1%). 


Systemic Adverse Reactions—The most frequently reported systemic adverse clinical reac- 
tions that were reported as possibly, probably, or definitely related to PRIMAXIN were: nausea 
(2.0%), diarrhea (1.8%), vomiting (1.5%), rash (0.9%), fever (0.5%), hypotension (0.4%), 
seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), pruritus (0.3%), urticaria (0.2%), 
somnolence (0.2%). 


Additional adverse systemic clinical reactions reported as possibly, probably, or definitely 
drug related occurring in less than 0.2% of the patients or reported since the drug was mar- 
keted are listed within each body system in order of decreasing severity: Gastrointestinal— 
pseudomembranous colitis (see WARNINGS), hemorrhagic colitis, gastroenteritis, 
abdominal pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, increased 
salivation; CVNS—encephalopathy, tremor, confusion, myoclonus, paresthesia, vertigo, héad- 
ache, psychic disturbances; Special Senses—transient hearing loss in patients with impaired 
hearing, tinnitus; Respiratory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain; Cardiovascular—palpitations, tachycardia; Rena/—oliguria/anuria, polyuria; Skin— 
erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin texture changes, 
candidiasis, pruritus vulvae; Body as a Whole—polyarthralgia, asthenia/weakness. 


Adverse Laboratory Changes—Adverse laboratory changes without regard to drug relation- 
ship that were reported a clinical trials or reported since the drug was marketed were: 
Hepatic—increased SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic— 
increased eosinophils, positive Coombs test, decreased WBC and neutrophils, including 
agranulocytosis, increased WBC, increased platelets, decreased platelets, decreased hemo- 
globin and hematocrit, increased monocytes, abnormal prothrombin time, increased lympho- 
cytes, increased basophils; E/ectro/ytes—decreased serum sodium, increased- potas- 
sium, increased chloride; Rena/—increased BUN, creatinine; Urinalysis—presence of urine 
protein, urine red blood cells, urine white blood cells, urine casts, urine bilirubin, and urine 
urobilinogen. 

NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that the maxi- 
mum total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever is lower. 

How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials, infusion bottles, 
and single-dose ADD-Vantage”* vials containing imipenem anhydrous and cilastatin sodium 
as follows: 250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem 
equivalent and 500 mg cilastatin equivalent. 


Caution: The suspension from vials is'not for direct infusion. 


‘Registered trademark of Abbott Laboratories, Inc. 

For more detailed information, consult your MSD Representative or see 
Prescribing Information. Merck Sharp & Dohme, Division of Merck & Co., Inc., SHARPs. 
West Point, PA 19486 J7PR26R(407) 


*when indicated organisms are suspected at indicated sites 
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Ulcerative Colitis 


Colorectal Cancer Risk in an Unselected Population 





JORGEN N. RUTEGARD, M.D.,*t LARS R. AHSGREN, M.D.,* KARL G. JANUNGER, M.D., PH.D.* 


One hundred twenty-seven patients were studied, representing 
the unselected population of patients with ulcerative colitis from 
a defined catchment area of about 70,000 inhabitants during 
1961-1983. Seventy-seven patients had total colitis, and 50 pa- 
tients had left-sided colitis. No prophylactic colectomy was per- 
formed. Despite this and a comprehensive follow-up of patients 
with long-standing, extensive colitis, primary colorectal carci- 
nomas were diagnosed in only three patients, all of whom had 
total colitis. This was significantly (p < 0.001) more than the 
expected number of patients with colorectal cancer in this 
subgroup, namely, 0.13. There were no deaths in colorectal car- 
cinoma. Factors determining completeness of inclusion are dis- 
cussed, and it is concluded that, in an unselected series of patients 
with ulcerative colitis, close cancer surveillance is indicated, al- 
though prophylactic surgery does not seem to be generally war- 
ranted. 


HE INCREASED RISK of developing colorectal 
cancer in chronic ulcerative colitis (UC) has been 


widely recognized.'~'* However, the reported in- 
cidence of colitis-associated carcinoma varies considera- 
bly. Reported studies are primarily from referral centers, 
and the extent of patient selection is therefore difficult to 
estimate.”'> The reported cancer risk is biased because of 
imperfect inclusion of patients with milder disease, the 
referral of more severe cases to specialized centers, and 
surgical intervention, (e.g., cancer-prophylactic procto- 
colectomy).®! 11316 
The aim of this study has been to assess the cancer risk 
and the cancer mortality during a long-term follow-up of 
patients from a defined catchment area, without the bias 
inherent in patient referral and prophylactic surgery. Fur- 
thermore, an attempt is made to give an objective de- 
scription of the completeness of patient inclusion. 


Material and Methods 
The series consisted of 127 patients—all of those per- 


sons known to have UC who were treated either as in- or 


Reprint requests and correspondence: Dr. J . Rutegard, Department 
of Surgery, Ornskdldsvik Hospital, S-891 89 Örnsköldsvik, Sweden. 
Submitted for publication: April 5, 1988. 


From the Department of Surgery, Örnsköldsvik Hospital, 
Ornskéldsvik,* and the Department of Surgery, 
University Hospital, Umea, Sweden.t 


out-patients at the community hospital of Örnsköldsvik 
during the years 1961-1983. The series included 75 men 
and 52 women, and 30% of the patients were younger 
than 21 years of age at onset of the disease (Table 1). 
Twenty-one per cent of the patients had been diagnosed 
before 1961, the year that they were included in the study. 
The remaining patients were successively included at onset 
of the disease during the study period (Table 2). The di- 
agnosis and extent of disease were established by large 
bowel barium enema, rigid sigmoidoscopy and, in later 
years, colonoscopy with biopsies. During the entirety of 
the study period, the well-defined catchment area included 
about 70,000 inhabitants. All surviving patients not op- 
erated on who remained in the area were followed in a 
colonoscopic surveillance program that began in 1977. 
Only one patient was referred to another hospital for 
treatment. Nine patients moved out of the area and have 
been followed-up by personal contact and through hospital 
records. Complete clinical history was not available for 
two patients (one of whom had total colitis), but at end 
of the study, had not carcinoma developed in these pa- 
tients, as was verified in the National Registry of Cancer. 

Patients with proctitis alone were not included. 

To check whether any patient with the diagnosis of 
colorectal cancer and a previously unknown UC had been 
overlooked, all histopathologic records (n = 387) of pa- 
tients with colorectal cancer were re-examined for the 
years 1961-1983. No such case was found. 

According to accepted criteria,''!’ 77 of the patients 
were suffering from total (extensive) colitis; the remaining 
50 suffered from left-sided colitis. All available radiologic 
films have been re-examined to secure conform interpre- 
tation. 
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TABLE 1. Age at Onset of Ulcerative Colitis (Number of Patients) 


Age 
(years) Men Women Total % 
0-10 5 2 7 S 
11-20 17 14 31 24.4 
21-40 36 27 63 49.6 
41+ 17 9 26 20.5 


Total 75 52 127 100.0 


Eighty-six per cent of the patients were hospitalized at 
least once. The cumulative operation frequency was 26% 
(32 of 125 patients), and in the subgroup with total colitis, 
the frequency was 37% (28 of 76 patients). The main in- 
dications for surgery were acute or fulminant stages of 
the disease or chronic disabling symptoms. Fifteen patients 
died during the study period, six of UC, and nine of non- 
related disease. 

Endpoints for the study were 31.12 1983, time of com- 
plete operation (when entire colon and rectum were re- 
moved), or death. 


Statistical Methods 


To determine the expected number of carcinomas, a 
calculation was made from the official cancer statistics,'* 
and a regional correction was made for the lower incidence 
of colorectal carcinoma in Northern Sweden. 

For the calculations of statistical significance, Mantel’s 
test and a test with a Poisson distributed test variable were 
used. 

In Table 3, the number of patient years of observation 
in the subgroup of patients with total colitis were calcu- 
lated for the disease-duration groups of 5 years. Thus, a 
patient with UC for 13 years contributed 5 years to the 
first group, 5 to the second, and 3 years to the third. 


Results 


Colorectal Cancer Mortality 


No death could be directly attributed to colitis-asso- 
ciated cancer. However, one man refusing medical care 
died with fulminant colitis. At autopsy, two carcinomas 
(one Dukes’ A, one Duke’s B) were found. Another man, 


TABLE 2. Duration of the Disease When Included in the Study 
(1961 or later)(Number of Patients) 


Duration 
(years) Men Women Total % 
0 58 42 100 78.7 
1-10 9 9 18 14.2 
11+ 8 | 9 7.1 


Total 75 52 127 100.0 
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TABLE 3. Patient Years of Observation and Cancer Diagnoses Related 
to Duration of Disease for the Subgroup of Patients with Total Colitis 


Duration of Observation Patients with 
Disease (years) Years Colorectal Cancer 
1-5 326 | 
6-10 255 l 
11-15 184 
16-20 126 
21-25 65 l 
26-30 42 
31-35 16 
36+ 5 
Total 3 


who died abroad, where no autopsy was performed, had 
been operated on 14 years before death for colonic car- 
cinoma. Because there was such a long interval between 
the operation and death, it is unlikely that he died of 
recurrent malignancy. 


Cancer Incidence 


During the study period, three patients, all of whom 
had total colitis, had their first large bowel carcinomas 
diagnosed after 2, 9, and 27 years’ duration of the disease, 
respectively (Table 3). The expected number of cancer 
patients in the whole series was 0.36 (p < 0.05, test with 
Poisson distributed test variable). In the subgroup of pa- 
tients with total colitis, the expected number was 0.13, a 
difference that is highly significant (p < 0.001, test with 
Poisson distributed test variable). Two carcinomas were 
found postmortem in one man, mentioned above, who 
succumbed to his colitis after having refused surgical 
treatment. He had been proposed operation because of 
severe symptoms and findings of dysplasia at colonoscopy. 
The other two patients had single carcinomas, and un- 
derwent successful operations. These two later patients 
were treated before 1977 (the year that-our colonoscopic 
surveillance program began).!? 


Discussion 


It is apparent that every surgical department that does 
not perform prophylactic proctocolectomy will face a sit- 
uation in which a large and growing group of patients 
with long-standing UC will be at risk of developing co- 
lorectal cancer. This was our situation, and it incited this 
investigation. 

When estimating increased cancer risk in a patient 
population, it is of the utmost importance to assess the 
completeness of inclusion and the selective factors.*'!> 
Unfortunately, published UC patient materials often differ 
in these respects. Several published series regard their pa- 
tient materials as representing the whole population of 
patients with UC.™™!! However, the inclusion rate has 
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not been objectively demonstrated. In an attempt to give 
an objective measure of the inclusion rate, we have plotted 
the patient years of observation in 5-year intervals against 
disease-duration years. These figures, together with cor- 
responding data from a large, often cited investigation by 
Kewenter et al.'! are given in Table 4 and are graphically 
demonstrated in Figure 1. No other published patient se- 
ries has enabled us to make a direct comparison. Theo- 
retically, the decline of the interrupted curve will be in- 
fluenced by the inclusion of new diagnosed cases, the death 
rate, the operation frequency, population movements and 
referral patterns. Accordingly, a rapid decline in patient 
years of observation depends primarily on one or more 
of the following factors: a high rate of inclusion of new 
cases, imperfection in inclusion or follow-up of patients 
with long-standing disease, a high operation frequency, 
and a high mortality. Correspondingly, a flat curve indi- 
cates a high rate of inclusion of patients with disease of 
long duration, a low operation frequency, and a low mor- 
tality. Thus, we regard our analyzed patient series to rep- 
resent, as far as is practically possible, an unselected ma- 
terial from a defined catchment area. 

One of several possible explanations for the rapid de- 
cline in observation years in the series by Kewenter et 
al.'' is the high operation frequency of 65% for patients 
with total colitis, compared with ours of 37%. A high pro- 
portion of operated patients indicates a selection, which 
is also postulated by Prior et al.'* We propose that the 
slow decline in the patient years of observation in our 
series is an objective description of the completeness of 
inclusion. 

The cancer incidence in our investigation was signifi- 
cantly higher than in the normal population, stressing the 
need for careful supervision (or prophylactic proctoco- 
lectomy) of these patients. Our series of patients with total 
colitis had a lower number of carcinomas, compared with 
the study cited above,'' where 15 of 234 patients with 
extensive colitis developed 17 colonic carcinomas, al- 
though the difference was not significant (Mantel’s two- 
sided test, p = 0.095). Among the patients observed who 
had more than 10 years’ duration of extensive disease, 
the difference in cancer incidence was remarkable (Table 
4). This tendency to lower cancer incidence in our un- 
selected population suggests that extrapolation of cancer 
determinations from large centers to unselected popula- 
tions of colitis patients must be made with care. The low 
cancer incidence in the patient group with longer duration 
of disease in the present series (Table 4) is difficult to 
explain without postulating biases, as discussed above, or 
regional differences in severity of the disease that have 
thus far gone unrecognized. The possibility of regional 
differences in cancer risk has been discussed by Gilat et 
al.” Their own patient material,’ which is of comparable 
size to ours for patients observed after longer duration of 
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TABLE 4. Patient Years of Observation Related to Duration of Disease 


Number of 
Patients 
Developing 
Colorectal 
Duration of Observation Years Cancer 
Disease at ae eae. A ae 
(Years) G O G O 
1-5 875 326 | 
6-10 523 255 3 l 
11-15 282 184 4 
16-20 147 126 5 
21-25 73 65 2 | 
26-30 ° 42 
31-35 ” 16 
36+ + 5 l 


Total 15 3 


* Not indicated. 

Comparison between the Gothenburg (G) study,'' and the present 
study from the Community Hospital, érnskdldsvik (O). Only patients 
with total colitis were included. 


the disease, also has a low cancer risk, with only three 
carcinomas diagnosed in 504 patients, 259 of whom had 
substantial or universal colitis. 

Our patient with a colonic cancer, developing after 
only 2 years of UC with distinct onset, may be a case of 
nonrelated colitis and carcinoma. Yet even so, the cancer 
incidence was still lower than that calculated above. 

The risk of early cancer development has recently been 
demonstrated in a series in which seven of 15 patients 
with colitis developed adenocarcinomas before 10 years’ 
duration after onset of symptoms.”° Our series as well as 


Patient years 
of observation 


1000 


——— Kewenter et al 1978 
—— "Present study" 


500 
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Disease duration years 


FIG. 1. Patient years of observation plotted against disease duration in 
patients with long-standing extensive ulcerative colitis: comparison be- 
tween a University hospital (Gothenburg)'' and Örnsköldsvik Hospital 
(present study) in Sweden. 
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those of other investigations®”'! also demonstrate the 
possibility of cancer development before 10 years’ dura- 
tion of the disease, indicating the need for colonoscopic 
surveillance earlier in the course of the disease, at least in 
cases of active disease, rather than relying on prophylactic 
proctocolectomy after 10 years’ duration. 

In our study, we have, for two reasons, included patients 
with left-sided colitis that was radiologically determined. 
First, a certain overrisk for cancer, although after longer 
duration of the disease, has been reported.”! Secondly, a 
radiologic left-sided colitis is found to be a histologic total 
colitis in a high proportion of the cases,'? and this may 
accordingly imply an increased cancer risk. 

We have not been able to demonstrate any further in- 
creasing cancer risk beyond 10 years of duration of the 
disease. Instead, the low incidence of colorectal cancer in 
our patients with long-standing UC lends some support 
to the view of Prior et al.,'* who found a relative risk to 
increase during the first 15 years after diagnosis, and 
thereafter remain constant. 

In the present study, there was no mortality in colitis- 
associated cancer during 23 years. This finding, together 
with the low cancer risk in our patient population, in- 
creases our hesitation to perform preventive surgery in 
symptom-free patients, and supports the current trend of 
selecting other alternatives. If prophylactic proctocolec- 
tomy after 10 years’ duration of total colitis had been our 
routine, more than 30 such operations would have been 
performed.”” Instead, we have so far used colonoscopic 
surveillance.!? The modern operations with proctocolec- 
tomy, ileal pouch, and ileo-anal anastomosis, may become 
another possibility, at least in selected patients, who prefer 
the operation with its drawbacks before a lifelong sur- 
veillance, as was recently discussed by Lennard-Jones.”° 


Conclusion 


In an unselected population of 127 patients with ul- 
cerative colitis who were treated at a community hospital 
over a period of 23 years, the risk of developing colorectal 
cancer was significantly increased for patients with total 
colitis, although there was no evidence of increased risk 
with time. There was also no incidence of death in colitis- 
associated cancer during the study period, and close cancer 
surveillance was found to be indicated for patients with 
total colitis. 

Finally, in this patient population, because of a low 
cancer risk, prophylactic proctocolectomy did not seem 
to be warranted; however, this question should be further 
investigated, 
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Nd-YAG Laser Photoablation of Sessile Villous and 
Tubular Adenomas of the Colorectum 





DONALD E. LOW, M.D., RICHARD A. KOZAREK, M.D., TERRENCE J. BALL, M.D., and JOHN A. RYAN, JR., M.D. 





Neodymium (Nd)-YAG laser photoablation treatment was used 
to treat 46 patients with broad-based villous and tubular ade- 
nomas of the colon or rectum. These adenomas were distributed 
throughout the large bowel, with the majority (72%) located 
above the peritoneal reflection. Patients received an average of 
2.1 treatments per adenoma, with 22 patients (48%) requiring 
only one treatment. Overall treatment success was achieved in 
89% of cases (mean follow-up of 12 months), with four patients 
undergoing continued therapy. Of the patients who received a 
full course of treatment, only two (4%) were not taken to complete 
photoablation. Complications were minimal, and 92% of all laser 
treatments were done on an outpatient basis. Four patients had 
documented polyp recurrence that was controlled with additional 
laser treatment. Two patients with malignant polyps who were 
not surgical candidates were also treated with the laser, with no 
tumor recurrence seen at 11 and 14 months. Nd-YAG laser pho- 
toablation of large colonic polyps offers a safe, efficient, and 
cost-effective alternative to standard surgical resection. 


adenomas of the colorectum that cannot be 
completely removed with snare cautery alone has 
been surgical excision (transanal resection, colotomy, 
segmental colonic resection). Colonoscopic polypectomy 
can effectively eliminate the vast majority of rectal and 
colonic adenomas; however, there will continue to be a 
subgroup of adenomas that cannot be safely or adequately 
removed for reasons of location, size, or sessile nature 
(Fig. 1). The evidence supporting the polyp-cancer evo- 
lutionary sequence is convincing, especially with large 
villous-type adenomas. Standard treatment should there- 
fore involve obliteration or resection of these lesions when 
they are discovered. 
A significant number of reports have documented the 
success of laser in the treatment of gastrointestinal (G.I.) 
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hemorrhage and palliation of bleeding and obstructing 
malignancies of the rectum and upper digestive tract.'~* 
The extension of this technology for photoablation of 
broad-based, benign villous adenomas would be a valuable 
addition to the treatment armamentarium and should re- 
duce cost and increase patient comfort. 


Methods 


Patients encountered or referred with large, sessile ad- 
enomas who were not candidates for snare resection alone 
were entered into the treatment group. For initial ex- 
aminations, patients had a full bowel prep with magne- 
sium citrate, bisacodyl tablets, and phosphosoda enemas. 
All patients underwent total colonoscopic examination 
using intravenous (I.V.) diazepam or meperidine sedation 
to confirm the diagnosis, rule out the presence of addi- 
tional colonic pathology, and initiate treatment. General 
anesthesia was never required, and patients were managed 
on an out-patient basis whenever possible. Prophylactic 
I.V. antibiotics were used in all patients with indwelling 
prostheses or a history of bacterial endocarditis. 

Therapy was initiated with patients in the left lateral 
decubitus position, although the supine, prone, or right 
lateral decubitus positions were frequently used to im- 
prove visualization and treatment efficiency. The ade- 
nomatous lesions were initially debrided with either snare 
piecemeal resection or with the “artificial sapphire” con- 
tact tip laser probe. The synthetic crystal is a collection 
of separate attachments that can be connected to the tip 
of the laser fiber to deliver contact energy. This delivery 
system can work at lower power settings, does not produce 
the same depth of tissue damage, as the regular external 
beam, and must come into actual contact with tissue to 
deliver its energy. The shape of these crystals can be 
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FIG. 1. Endoscopic photograph of a 3 X 3-cm villous adenoma of the 
cecum. Sessile configuration rules out removal with snare cautery alone. 
This type of colonic neoplasm has a significant risk of developing a ma- 
lignancy and traditionally would be treated by surgical excision. 


changed, depending on whether a hemostatic, vaporiza- 
tion, or dissection effect is desired. 

Piecemeal snare resection or debridement removes 
major portions of the intraluminal or “frondular” portions 
of the adenomatous growth, usually leaving only the 
broad-based neoplastic stalk (Figs. 2A—C). This procedure 
also provides large volumes of tissue (retrieved through 
the suction port of the colonoscope with a suction trap) 
for subsequent pathologic analysis. Tissue was obtained 
for histologic analysis at the time of initial treatment, be- 
fore repeat treatments, and in any recurrent lesions before 
laser therapy. However, we see no advantage in waiting 
for the results of histologic analysis before initiating treat- 
ment. Laser therapy does not interfere with surgical re- 
section if surgical resection is indicated by the pathologic 
results. 

Examinations and treatments were undertaken with the 
Olympus™ CF-1T-10L colonoscope or the CFP-105 flex- 
ible sigmoidoscope. The Cooper™ neodymiumyttrium 
aluminum garnet (Nd-YAG) Model 8000 high-power la- 
ser (Heraeus Laser-Sonics, Santa Clara, CA) was used in 
all patients. This laser is adjustable between 1 and 100 
watts and has a visible aiming light that parallels the size 
and position of the infrared treatment beam. The flexible 
quartz laser fiber encased in a Teflon™ sheath is introduced 
through the biopsy port of the instrument to deliver energy 
to the base of the villous adenoma under direct vision. 
Laser energy is delivered with 0.5-1-second pulses at 
power settings ranging from 50 to 80 watts, depending on 
the size and location of the lesion and whether a hemo- 
static or photoablative effect was required. 

Photoablation occurs on the basis of direct vaporization 
accompanied by thermal damage to surrounding tissue. 
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The laser energy is delivered under direct vision in a cir- 
cumferential fashion, beginning at the outer border of the 
residual polyp stalk and progressing inward. Tissue re- 
sponse appears as a pale burn (coagulative necrosis) or a 
black char associated with superficial tissue vaporization. 
The length of each treatment in this series was modified 
according to the size of the lesion and the visualized tissue 
effect during treatment. 

Smoke evacuation remains a difficult problem that 
must be effectively managed to maintain good visibility 
and avoid excessive cavitation during laser treatment. 
Cavitation results when the vaporization effect ablates tis- 
sue deep into the lesion and potentially into the wall of 
the bowel. When excessive cavitation occurs and is not 
recognized, and if the involved area is repeatedly treated, 
there is a risk of perforation. We use a suctioning apparatus 
that continuously evacuates smoke through the biopsy 
port during treatment. Occasionally during treatment, 
bleeding may occur from within the treatment area. This 
oozing can invariably be controlled with additional laser 
application, which can be given at a hemostatic power 
setting (30-50 watts). 

After initial treatment, patients with large lesions were 
retreated within 2-4 days. Alternatively, re-examination 
was performed within 4-6 weeks if the lesions were small 
or moderate in size, or if the first treatment was believed 
to be sufficient. Follow-up examinations identified 
whether the polyps had been ablated or if there was any 
evidence of regrowth. If residual neoplastic tissue was still 
present, patients underwent repeat laser treatment with 
an additional recheck done at 4-8 weeks (Figs. 3A-C). 
Occasionally re-examinations were performed by referring 
gastroenterologists. All patients who were found to have 
total ablation were scheduled for continued annual co- 
lonoscopic examination. 

Laser treatment was reserved for those patients whose 
histologic results after initial snare debridement were be- 
nign. Patients who were surgical candidates and whose 
polyps were found to be malignant were to undergo stan- 
dard surgical resection. Two exceptions were patients who 
had malignant polyps but were not considered candidates 
for surgical resection because of coexistent medical dis- 
abilities. 


Results 


The records of 46 patients who underwent laser pho- 
toablative treatment at the Virginia Mason Medical Center 
for sessile colonic adenomas between April 1984 and Oc- 
tober 1987 were retrospectively reviewed. These included 
26 women and 20 men with a mean age of 70 years (range 
of 25-90 years). 

The majority of these patients (78%) had colonoscopic 
examination performed by referring gastroenterologists 
for minor rectal bleeding, positive fecal occult blood tests, 
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FIGS. 2A-C. Series of endoscopic photographs showing (A) initial snare 
debridement of villous neoplasm [note segment of adenoma in poly- 
pectomy snare (small arrow) and colonic lumen (large arrow)], (B) residual 
polyp after partial snare debridement, and (C) residual broad-based stalk 
of the adenoma after complete snare debridement. 


or surveillance in patients with a previous history of co- 
lonic polyps or malignancy. Three patients had diarrhea, 
three had a history of significant lower G.I. bleeding, and 
two patients had a partial large bowel obstruction. One 
additional patient presented with acute lower G.I. bleeding 
and obstruction, and two other patients had documented 
malignancy within their polyps but were not candidates 
for surgical resection. Seven patients had undergone pre- 
vious attempts at treatment in the form of transanal re- 





section (two patients), snare resection alone (four patients) 
or heater probe treatment (one patient). 

The locations of the polyps were evenly distributed 
throughout the colorectum (Fig. 4), most commonly in 
the rectum (13 patients) and cecum (eleven patients). The 
size of the individual adenomas ranged from 1 X | to 5 
X 6 cm, with the majority of adenomas being in the 3- 
cm range (Fig. 5). Thirty-nine patients (85%) underwent 
resection of much of the intraluminal component of the 
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polyp with snare cautery, and the remainder were debrided 
with the “sapphire” contact tip laser probe. Forty-two 
patients (91%) had villous type adenomas, two patients 
had tubular-type adenomas, and two patients had malig- 
nant polyps. 

At the time that this data was analyzed, the villous ad- 
enomas in 39 patients (85%) had been completely pho- 
toablated (Table 1). Four patients were undergoing con- 
tinued laser therapy, four patients had died (all of unre- 
lated causes), and one patient had been lost to follow-up. 


Fics. 3A-C. Series of endoscopic photographs of the same adenoma, 
showing the treatment area after (A) initial treatment, (B) repeat treatment 
3 days later, and (C) at time of recheck 3 weeks after the second laser 
treatment. This picture shows the healing base of the treatment area that 
was histologically composed of granulation tissue with no evidence of 
malignancy or villous epithelium. Two months later, recheck showed 
complete healing with no evidence of residual neoplastic tissue. 


Of the four patients who died, two had previously had 
complete photoablation of their villous adenomas. One 
of the other patients who died and one patient still un- 
dergoing laser therapy presented with giant (4 X 8- and 5 
x 5-cm) obstructions near circumferential villous ade- 
nomas and were denied surgery on medical grounds. 
These two patients had their colonic obstruction relieved 
with five and eight treatments over 37 and 24 months, 
respectively. Although total photoablation was not 
achieved, neither patient had any difficulty with obstruc- 
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FiG. 4. Schematic drawing showing the distribution pattern of the sessile 
adenomas treated with laser photoablative therapy. 


tion or bleeding during their treatment. We consider their 
nonoperative palliation a treatment success. 

With the addition of these two patients, the overall 
treatment success in this series is 89%. Other than the two 
cases mentioned above, all patients were considered can- 
didates for definitive treatment, although 14 additional 
patients were referred to our unit because they were not 
considered surgical candidates (eleven patients) or had 
refused surgery (three patients) at other hospitals. 

Complications encountered included bleeding, which 
was controlled with additional laser therapy in one patient, 
and pain encountered during laser treatment in three pa- 
tients. Postablation stenosis was documented in two pa- 
tients, who presented with a large villous adenomas of 
the rectum. However, in neither instance was the stenosis 
clinically symptomatic, and in both cases, the colonoscope 
could be easily passed through the involved area. Persistent 
ulceration was noted in one patient with a malignant vil- 
lous adenoma of the rectum, but who was not a surgical 
candidate on the basis of severe cardiorespiratory disease. 
This patient continued to have a shallow rectal ulcer 
(which was biopsy-negative for malignancy) when he died 
of unrelated causes 14 months after laser therapy. One 
additional patient required admission after laser treatment 
because of persistent postprocedure light-headedness. 


SIZE OF VILLOUS ADENOMAS 


Number 
awh, 
NO 


1 2 3 4 5 6 
Endoscopic Size (cm?) 


Fic. 5. Graph demonstrating the size distribution of the adenomas treated 
with laser photoablative therapy. 


The mean number of treatments required per patient 
was 2.1 (range of 1-8). Twenty-two patients required only 
a single treatment to achieve complete photoablation, and 
the mean energy required to ablate individual adenomas 
was 4800 J. Recurrences were documented in four patients 
(10%) during follow-up, but in all cases, the recurrences 
were controlled with one additional treatment. No patient 
treated for benign colonic polyps has subsequently been 
found to have evidence of malignancy, with a mean fol- 
low-up of greater than 12 months in all patients. Treat- 
ment was considered successful if there was no evidence 
of regrowth 2-6 months after the last laser treatment. 

Only four patients required admission to hospital, al- 
though four additional patients were treated as in-patients 
elsewhere while undergoing laser treatment at the Virginia 
Mason Medical Center. Therefore, at our institution, 92% 
of all patients were treated on an out-patient basis 
(Fig. 6). 


TABLE 1. Results of Treatment 


Follow-up 
No. of Mean Range 

Clinical Response Patients (Mos.) (Mos.) 
Complete photoablation 39 12 4-23 
Requiring continued 

laser therapy 4 10 4-24 
Lost to follow-up | 2 
Dead* 4 22 6-37 


* All deaths unrelated to villous adenomas or laser therapy. Two pa- 
tients had complete photoablation at the time of death. 
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GRAPH SHOWING THE NUMBER OF YAG - LASER 
TREATMENTS RECEIVED BY EACH PATIENT AND 
INDICATING INPATIENT VS. OUTPATIENT RATIO 
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Discussion 


Endoscopic snare polypectomy of pedunculated polyps 
introduced a safe and effective means of dealing with the 
vast majority of colonic polyps, thereby eliminating the 
need for general anesthesia and surgical resection in a 
large number of patients. Unfortunately, snare resection 
has not provided completely safe or adequate treatment 
of large broad-based adenomas, especially those located 
proximal to the peritoneal reflection. In this setting, sur- 
gical resection of large benign adenomas is the established 
treatment approach. It has routinely produced high cure 
rates, and, in experienced hands, produces little long-term 
morbidity. 

The application of laser technology in the treatment of 
benign lesions of the colorectum is a unique approach, 
using a relatively new treatment modality. Much of the 
clinical colorectal experience with laser therapy has orig- 
inated in Europe,°® with little, as yet, reported in the 
United States. Laser treatment has provided the next 
technologic step in enabling the endoscopist to ablate any 
residual neoplastic tissue that cannot be removed by snare 
resection. 

The success rate of laser photoablation of villous ade- 
nomas is currently between 54% and 81%,°-* with some 
studies drawing a correlation between photoablation suc- 
cess and adenoma size. We concur that extensive ade- 
nomas may be more difficult to treat and will usually 
require more treatment sessions, but we have found that 
these lesions are more effectively ablated by a combination 


E - Treatments Given As 


O - Treatments Given As 
Outpatients 


Fic. 6. Graph showing the 
number of Nd-YAG laser 
treatments received by each 
patient and indicating in-pa- 
tient versus out-patient ratio. 


of snare cautery debridement and laser photoablation. 
Even adenomas, which involve up to 75% of the colonic 
lumen, can be effectively obliterated. Initial debridement 
of the intraluminal component of the adenoma will limit 
the number of treatments necessary for photoablation, 
decrease the energy required to ablate the polyp, and ul- 
timately increase the likelihood of a complete treatment 
response. By limiting the number of treatments required, 
the incidence of complications should also be decreased.” 

In addition to limiting treatment sessions, initial snare 
resection can provide a significant amount of tissue for 
histologic analysis. The possibility of missing a malignancy 
within these polyps remains a source of concern regarding 
this treatment approach. The incidence of invasive car- 
cinoma in large colonic adenomas (>4 cm) has been re- 
ported to be as high as 85%.'° The chances of finding 
malignant change within a polyp is higher as polyp size 
increases, and is more common in villous adenomas than 
in tubular adenomas.''’ Attempts to identify malignant 
polyps visually will be incorrect 10% of the time, even 
when polyps that are indurated and ulcerated are ex- 
cluded.'* Malignant change usually appears first on the 
superficial part of the polyp,'*:'* which is the tissue most 
accessible to snare debridement. Polyps that are treated 
solely with laser therapy must rely on random biopsies 
with a resultant increased chance of missing a malignancy. 

The experience of others in treating large and inter- 
mediate size polyps with laser photoablative therapy has 
demonstrated that the incidence of identifying malignant 
change in these polyps is between 9 and 21%.*° This un- 
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derscores the importance of close and scheduled follow- 
up of all patients. In addition, biopsy specimens should 
always be re-examined at the time of repeat treatments, 
polyp recurrence, and in cases of persistent laser-induced 
ulceration. There is no good data as yet to support the 
application of laser photoablative treatment to malignant 
polyps in patients who are candidates for surgical resec- 
tion. Piecemeal snare resection of all intraluminal tissues 
before laser treatment provides good objective data re- 
garding the presence of a malignancy. 

Complications in this series were relatively minor, oc- 
curred with less frequency than previously noted in other 
laser series,’ and did not result in interruption or modi- 
fication of treatment. This is particularly significant be- 
cause a majority of the patients in this series (72%) had 
adenomas located above the peritoneal reflection. There 
has been a natural reticence toward applying intraluminal 
treatment to lesions within the intraperitoneal colon be- 
cause of the increased risk and potential for complications 
associated with perforation. In fact, the majority of pub- 
lished data regarding laser treatment of benign and ma- 
lignant lesions of the colorectum deal predominantly with 
rectal lesions.**'> Large villous adenomas of the rectum 
are accessible to other forms of treatment, notably trans- 
anal resection, monopolar electrocoagulation, and cryo- 
therapy. However, lesions above the peritoneal reflection 
are particularly well-suited to undergoing snare resection 
and laser photoablation. The experience gained in this 
series suggests that these lesions can be treated within ac- 
ceptable morbidity limits. 

Relating treatment success and complication rates to 
energy delivery can be very misleading. The Nd-YAG 
laser can deliver energy at a wide range of power settings. 
However, irrespective of the power setting used, the actual 
photoablative energy delivered will vary directly with how 
close the tip of the laser catheter is from the tissue. Even 
high-power settings (80-100 watts) may have little effect 
if the tip of the catheter is greater than 1-1.5 cm from the 
treatment site. For this reason, reports quantifying treat- 
ment success and relating it to energy delivery are open 
to interpretation. The ability of the Nd-YAG laser to va- 
porize tissue is a reflection of not only the laser power 
setting, but also of operator experience and technique. 
Tissue effect, treatment duration, and energy delivery 
should be adjusted primarily in accordance with the vi- 
sualized tissue effect, with the actual energy delivered in 
individual patients being of secondary importance. The 
operator’s ability to accurately assess depth of vaporization 
effect and degree of cavitation is particularly important 
in lesions of the supraperitoneal colon. 

Our overall success rate of 89% compares favorably 
with other reports.°’ This success rate should improve 
when the laser therapy of the four patients who are still 
undergoing treatment is completed. Brunetaud’s success 
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rate in treating rectosigmoid villous adenomas was not 
limited by treatment failure per se, but by the development 
of histologic changes suggestive of carcinoma, which 
thereby necessitated alternative surgical treatment.° He 
noted a recurrence rate of 19% (compared with 10% in 
this series), but was equally successful at treating recur- 
rences with additional laser therapy. Mathus-Vliegen has 
shown that the recurrence rate with large and intermediate 
size polyps is significant.” For this reason, follow-up must 
be regularly scheduled and be continued long-term. 

It is noteworthy that the two patients with malignant 
polyps who were treated with laser because they were poor 
surgical candidates underwent complete ablation of their 
neoplastic tissue and had no indication of systemic or 
local recurrence at 11 and 14 months follow-up, respec- 
tively. This modality therefore provides a safe and fairly 
effective method of treating malignant polyps in patients 
who cannot undergo standard surgical resection. 

Overall indications for laser treatment of colonic neo- 
plastic lesions are still being developed. We currently rec- 
ommend laser photoablation for any patients who have: 
1) a broad-based colonic polyp that cannot be removed 
with snare resection alone after histologic analysis of the 
polyp to identify the presence of malignancy, 2) malignant 
polyps (in patients who are not surgical candidates or who 
refuse surgery), 3) recurrent tumor deposits after transanal 
or transperitoneal resection of a colonic neoplasm when 
further surgical intervention is refused or not indicated. 


Summary 


Laser photoablative treatment of large colorectal ade- 
nomas provides an effective and important new addition 
to available treatment modalities. It is easily applicable 
to most patients—even to elderly patients who have other 
medical disabilities—and is cost-effective because it can 
almost always be performed on an out-patient basis. 

Laser treatment should be carried out according to a 
regular program and should always be accompanied by 
histologic analysis to identify malignant change, when 
present. Follow-up should be continued long-term to 
identify polyp recurrence. 

Performing snare debridement before laser treatment 
decreases the number of treatments required for complete 
photoablation and improves the chance of treatment suc- 
cess, especially in patients with very large adenomas. 
When treatment is in the proper hands, morbidity is min- 
imal, even when lesions above the peritoneal reflection 
are treated. 

Surgery remains the treatment of choice for all patients 
with malignant polyps. However, laser therapy is a good 
alternative for patients who cannot tolerate or refuse 
standard surgical resection. 
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The Preperitoneal Approach and Prosthetic Buttress 
Repair for Recurrent Hernia 


The Evolution of a Technique 





LLOYD M. NYHUS, M.D., F.R.C.S. (HON., ENG), F.R.C.S.1. (HON.) F.A.C.S., 
RAYMOND POLLAK, M.B., F.R.C.S. (ED.), F.A.C.S., C. THOMAS BOMBECK, M.D., F.A.C.S., 


Repair of recurrent groin hernias is associated with a high in- 
cidence of repeat recurrences (2-19%). Reported herein is a 10- 
year experience of the management of recurrent groin hernias 
through the use of the preperitoneal approach with the addition 
of a reinforcing prosthetic mesh buttress. Two hundred and three 
recurrent groin hernias in 195 patients (192 men, three women) 
were treated between July 1975 and October 1986. The preperi- 
toneal approach to the inguinal region was performed under re- 
gional anesthesia to define the nature of the recurrent hernia. 
Initial experience in a randomized trial between the use of local 
endogenous tissue repair versus endogenous repair with a pros- 
thetic polypropylene mesh buttress demonstrated superiority of 
the latter in reducing repeat recurrences of anatomically defined 
direct or combined recurrent hernias. Pure indirect and femoral 
recurrences did not mandate mesh reinforcement. Long-term 
follow-up was available for 115 hernias (56%) in 102 patients 
(52.3%) over a period of 6 months to 10 years. Eight patients 
had repeat recurrences a mean of 30 + 22 months after repair. 
Six recurrences (four direct, two indirect) occurred in an early 
experience, when no mesh was used. Two recurrences (one in- 
direct and one lateral to the mesh) representing 1% of all hernias 
(1.7% of those followed-up) have occurred after routine use of 
the mesh buttress, with the last re-recurrence seen in December 
1982. Three ventral hernias (1.5%) occurred at the wound of 
entry, but none have occurred since placement of the mesh was 
modified to cover this wound. There were five (2.5%) wound 
infections and one (0.5%) hydrocele with no re-recurrences. It 
is concluded that the preperitoneal approach to recurrent groin 
hernias, together with the appropriate use of a reinforcing mesh 
buttress, is safe, allows anatomic definition of the hernial defect, 
and is followed by few repeated recurrences. The evolution of 
this approach during the last 10 years has made it the procedure 
of choice for the management of all recurrent groin hernias at 
the University of Illinois College of Medicine. 


technically demanding and associated with a high 
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incidence of repeated recurrences (2—19%) in se- 
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lected series.'-> We adopted the preperitoneal approach 
to the inguinal region for all recurrent groin hernias re- 
paired during the past 12 years. This approach was used 
to facilitate anatomic definition and to minimize subse- 
quent recurrences of the hernia. Incorporation of a pros- 
thetic mesh buttress to strengthen the repair is a novel 
addition to the preperitoneal approach for the manage- 
ment of all recurrent groin hernias. 

We report a 10-year experience of the management of 
recurrent groin hernias through the use of the preperito- 
neal approach with the addition of a reinforcing prosthetic 
mesh buttress. Our results suggest that this approach to 
the management of recurrent groin hernias is associated 
with minimal morbidity and few repeat recurrences. 


Materials and Methods 


We evaluated 203 recurrent groin hernias present in 
195 patients (192 men, three women) treated at the Uni- 
versity of Illinois and Veterans Administration West Side 
Hospitals from July 1975 to October 1986. In 20 patients 
(9.8%), the hernia had recurred more than once. Two pa- 
tients had hernias appear after a deep and superficial groin 
dissection. At the initiation of the study, two patients had 
the recurrence repaired from an anterior approach, thus 
leaving 201 hernias available for study. 

The preperitoneal approach to the inguinal region was 
performed under regional anesthesia in most patients, as 
originally described by Nyhus et al.*° No perioperative 
antibiotics were used. Direct visualization at operation 
revealed 120 direct recurrences (59%), 69 indirect recur- 
rences (34%), eleven combined direct and indirect recur- 
rences (5%), and three recurrences of femoral hernias (1%). 
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FIG. 1. Preperitoneal approach. Incision is made two fingerbreadths above 
the symphysis pubis. The lateral aspect of the incision must be above 
the internal abdominal ring. The position of internal ring may be esti- 
mated by palpation of the external inguinal ring. 


The initial use of the mesh buttress was based on several 
operative judgmental factors, including the number of 
previous repairs, the size of the defect, and the apparent 
strength of the local tissues. Early in our experience, in 
1975, we began a prospective, randomized study of an- 
atomic repair, using the local endogenous tissues as op- 
posed to anatomic repair with a prosthetic mesh buttress, 
both of which were carried out by the preperitoneal ap- 
proach, A sequential analysis of early recurrence rates in 
the prospective study demonstrated the superiority of the 
prosthetic mesh buttress in reducing repeat recurrences. 
This fact forced a change to be made in the earlier meth- 
ods, to placement of a polypropylene mesh buttress in all 
anatomically defined direct and combined recurrent in- 
guinal hernias. Pure indirect recurrences and femoral re- 
currences did not mandate mesh reinforcement unless 
the previously described preconditions in the endogenous 
tissues were also in evidence. 


Operative Technique 


The transverse abdominal incision is made about two 
fingerbreadths above the symphysis pubis; its lateral aspect 
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should be above the internal abdominal ring (Fig. 1). The 
preperitoneal space is entered after the endoabdominal 
fascia is incised. The inferior epigastric vessels are divided 
as needed. Sharp and blunt dissection bring the posterior 
inguinal wall into view, and the hernial sac is seen to 
project through the inguinal wall. The sac is then reduced 
and ligated (for indirect and femoral hernias). 

An anatomic repair of a direct hernia using endogenous 
tissues involves the approximation of the transversalis 
fascia to the iliopubic tract or the Cooper ligament. Direct 
defects are closed with 0 polypropylene suture, care being 
taken that good fascial edges are encompassed. Indirect 
hernial defects are closed medial to the spermatic cord, 
two to four sutures being placed between the anterior crus 
of transversalis fascia at the internal abdominal ring and 
iliopubic tract posteriorly. Femoral hernial defects are 
closed with two or three sutures placed between the 
Cooper ligament below and the iliopubic tract above. A 
relaxing incision is made as necessary in the anterior rectus 
sheath as part of the anatomic repair.° 

After closure of the recurrent hernial defects, a piece 
of polypropylene (Marlex, C. R. Bard, Inc., Billerica, MA) 








FIG. 2. Polypropylene (Marlex) mesh prosthesis is sutured to the Cooper 
ligament with 0 polypropylene suture material after the inguinal wall 
defect has been repaired. The mesh may be tailored to fit lateral structures 
(inset). 
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mesh is cut. Ordinarily, the size of the mesh is 10 X 4 
cm. The Cooper ligament is visualized, and the mesh is 
sutured to it with 0 polypropylene suture material (Fig. 
2). When the repair is of a recurrent indirect hernia, the 
spermatic cord should be incorporated into the mesh. The 
mesh is then simply folded over the fascial repair and 
tacked to the posterior inguinal wall with 000 polypro- 
pylene suture (Fig. 3). Fortunately, the polypropylene 
mesh may be tailored to fit the area that is to be covered. 
Finally, the mesh is sutured beneath the abdominal wound 
of entry to buttress this closure, as well (Fig. 4). The ab- 
dominal wall is then closed in layers in a standard manner. 

Long-term follow-up information (obtained by clinical 
visit or telephone inquiry) on 115 hernias (56%) in 102 
patients (52.3%) was available. The length of the follow- 
up period ranged from 6 months to 10 years. 


Results 


Eight patients had repeat recurrences for a mean of 30 
+ 22 months after the repair. Early in our experience, six 
recurrences occurred in patients in whom no mesh had 
been used (four direct, two indirect). These represented 
3% of all hernias and 5% of those for which follow-up 
data were available. Two recurrences took place in patients 
in whom mesh had been placed (one indirect and one 
lateral to the mesh itself). These represented 1% of all 
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FIG. 3. The mesh is tacked to the posterior inguinal wall above the repair 
of the recurrent hernial defect with 000 polypropylene suture. 
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FIG. 4. The Marlex polypropylene mesh is finally sutured under the 
abdominal wound before closure. The abdominal wound is closed in 
layers. 


hernias and 1.7% of those for which follow-up information 
was available. The last known repeat recurrence was seen 
in December 1982. There were no re-recurrences after we 
adopted the routine placement of the prosthetic mesh 
buttress to bolster the anatomic repair. Other complica- 
tions included five superficial wound infections (2.5%) 
with no recurrences and one hydrocele (0.5%). Three 
ventral hernias occurred at the wound of entry (1.5%), 
but none have appeared after we modified the placement 
of the mesh and the suture material used to close this 
wound (i.e., discontinued using silk and began using 
monofilament polypropylene suture). 


Discussion 


The preperitoneal approach to the management of all 
hernias of the groin has been controversial since this tech- 
nique first became popular in 1959.° Thus, although we 
have found it difficult to emulate the outstanding results 
achieved with the Shouldice repair of primary inguinal 
hernias,’ we have found that, in terms of rate of hernia 
recurrence during a long-term follow-up period, the pre- 
peritoneal technique compares favorably with other types 
of primary repairs of groin hernias. The technique is es- 
pecially successful when the operating surgeon is familiar 
with the anatomy of the inguinal region as viewed from 
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the posterior aspect and when some experience with this 
approach to repairing most primary groin hernias has been 
obtained.®” 

The preperitoneal approach to the management of re- 
current groin hernias is a new application that appears to 
be gaining popularity. There are several reasons for this 
newfound enthusiasm for the preperitoneal approach. 
These include the ability to dissect through fresh unscarred 
tissue and the concept that, anatomically, the buttress is 
more properly situated than the prosthetic mesh “‘patch”’ 
placed from the anterior approach. In addition, long-term 
follow-up study of a variety of other approaches to re- 
pairing recurrent hernia has revealed that re-recurrences 
occur in as many as 19% of patients.'~ 

The approach to the preperitoneal region may be made 
through a midline or a Pfannenstiel incision, and is the 
preferred method of a number of European authors. !®-!? 
We continue to use an incision lateral to the rectus muscle 
on the affected side. Early in our experience with primary 
repair of the recurrent hernias from the posterior aspect 
by the use of monofilament sutures alone, we noted an 
excessively high incidence of re-recurrences, especially of 
direct hernias. Because we believed that these recurrences 
were not related primarily to technical inadequacy of the 
repair, but were caused by a combination of the aging 
process and disturbed collagen metabolism,'* we turned 
to the use of a reinforcing prosthetic mesh buttress repair 
to provide additional support and strength to the repair. 
Earlier problems encountered with placement of the mesh 
(the one indirect recurrence of the hernia as well as the 
ventral hernias at the wound of entry) have disappeared 
with placement of the mesh lateral to the spermatic cord 
and covering the wound of entry. Since the adoption of 
these newer techniques in 1982, no recurrences were seen 
in the short- to medium-term, the overall re-recurrence 
rate being 1.7% for patients seen at follow-up examina- 
tions. This experience was mirrored by a number of ex- 
tensive European studies in which a prosthetic mesh but- 
tress was placed in the preperitoneal position, without, 
however, direct repair of the hernial defect itself.'!:'* 

Greenburg® and Read'* of the United States have re- 
ported similar results with the preperitoneal approach to 
the repair of recurrent inguinal hernias—a 9.4% and a 
4.3% incidence of recurrence, respectively. Little use, 
however, was made of a prosthetic mesh buttress in those 
latter two series. When mesh was used, the buttress was 
applied to reinforce the closed hernial defect, or when this 
could not be accomplished, to form the posterior wall of 
the inguinal canal itself. It could be argued, on the basis 
of our data, that routine use of the posterior mesh buttress 
would have eventuated in even lower recurrences rates 
for the patients of both Greenburg and Read. 
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Factors believed to result in recurrent groin hernias in- 
clude missed hernias, low ligation of the sac, method of 
hernia repair, the type of suture used, placement of sutures 
under tension, wound infections, and advanced age." !5!6 
These facts, together with the viewpoint that recurrence 
may result from a localized mesenchymal metabolic defect 
with abnormalities in collagen synthesis and breakdown, "> 
have reinforced our view that something more than direct 
approximation of the weakened posterior wall of the in- 
guinal region should be applied to the repair if repeated 
recurrences are to be avoided. In this context, therefore, 
the use of a prosthetic mesh buttress to strengthen the 
repair of recurrent hernias seems not only justified, but 
desirable. Of extreme interest are the results of European 
studies in which the prosthetic mesh buttress is placed in 
the preperitoneal position without the need for direct ap- 
proximation of the native attenuated transversalis fas- 
cia.'''? No recurrences have been observed in these series 
after short-term follow-up periods. Other authors, how- 
ever, favor the selective use of the prosthetic mesh buttress, 
and have achieved comparable results with the use of the 
native tissues to effect a repair.®:'* We believe that our 
approach offers the best of both circumstances: the prox- 
imate cause of the hernial recurrence is attacked directly 
and repaired with endogenous tissues, and at the same 
time, the risk of repeated recurrences is obviated by the 
skillful placement of the prosthetic mesh buttress in the 
preperitoneal position. 


Conclusion 


The preperitoneal approach to the management of re- 
current hernias of the groin with the appropriate use of a 
reinforcing mesh buttress is safe, allows anatomic defi- 
nition of the hernial defect in a field that has not been 
operated on, is followed by minimal patient morbidity, 
and has a low re-recurrence rate. The evolution of this 
technique over the last 10 years has made it our procedure 
of choice for the management of all recurrent groin her- 
nias. 


Acknowledgments 


We thank Ms. Catherine Judge for editorial assistance and Ms. Patricia 
Merced for typing the manuscript. 


References 


1. Rutledge RH. Cooper’s ligament repair: a 25-year experience with 
a single technique for all groin hernias in adults. Surgery 1988; 
103:1-10. 

2. Quillinan RH. Repair of recurrent inguinal hernia. Am J Surg 1969; 
118:593-595. 

3. Marsden AJ. Inguinal hernia, a three-year review of two thousand 
cases. Br J Surg 1962; 216:384-394. 


TEST Pr Fr 


Vol. 208 * No. 6 


4. Nyhus LM, Condon RE, Harkins HN. Clinical experience with pre- 
peritoneal hernial repair for all types of hernia of the groin. Am 
J Surg 1960; 100:234-244, 

5. Nyhus LM. The preperitoneal approach and iliopubic tract repair 
of inguinal hernia. Jn Nyhus LM, Condon RE, eds. Hernia, 3rd 
ed. Philadelphia: JB Lippincott Company, 1989; 154-177. 

6. Nyhus LM, Stevenson JK, Listerud MB, Harkins HN. Preperitoneal 
herniorraphy: a preliminary report in fifty patients. West J Surg 
Obstet Gynecol 1959; 67:48-54. 

7. Glassow F. The Shouldice hospital technique. Int Surg 1986; Pis.: 
148-153. 

8. Greenburg AG. Revisiting the recurrent groin hernia. Am J Son. 
1987; 154:35-38. É 

9. Malangoni MA, Condon RE. Preplcinies! repair of acute incar- 


cerated and strangulated hernia of the groin. Surg Gynecol Obstet - 
1986; 162: 65-67. k 


PREPERITONEAL MESH FOR RECURRENT HERNIA 


10. 


11. 


12. 


13. 


14. 


737 


Rosenthal D, Walters MJ. Preperitoneal synthetic mesh placement 
for recurrent hernia of the groin. Surg Gynecol Obstet 1986; 163: 
285-286. 

Rignault DP. Preperitoneal prosthetic inguinal hernioplasty through 
a Pfannenstiel approach. Surg Gynecol Obstet 1986; 163:465- 
468. 


Van Damme JPJ. A preperitoneal approach in the prosthetic repair 


of inguinal hernia. Int Surg 1985; 70:223-226. 

Peacock EE Jr, Madden JW. Studies on the biology and treatment 
of recurrent inguinal hernia. II. Morphological changes. Ann Surg 
1974; 179:567-571. 

Read RC. Recurrence after preperitoneal herniorraphy in the adult. 
Arch Surg 1975; 110:666-671. 


5. Pietri P, Gabrielli F. Recurrent inguinal hernia. Int Surg 1986; 71: 


> 


16. 
es , 


164-168. 


Postlethwaite | RW. Recurrent inguinal hernia. Ann Surg 1985; 202: 


m EE 





AR daa Sar Dn ee atte 
j 
M 


TETTIE FAT 


— TENTI; a i n 


ee T T TEN TTE EAN EEE NTE ERT EENT. 





Abdominal Aortic Aneurysm Surgery: 


The Basic Evaluation of Cardiac Risk 





MALCOLM O. PERRY, M.D.* 
and DAVID CALCAGNO, M.D.t 





The treatment of coronary artery disease (CAD) prior to abdom- 
inal aortic aneurysm (AAA) surgery has reduced the operative 
mortality, but there is no consensus regarding how best to detect 
CAD. In this study, 160 patients with AAA were divided into 4 
groups according to Goldman’s weighted risk factors. All patients 
were evaluated for CAD by clinical and laboratory methods, in- 
cluding stress electrocardiogram (ECG) and radionuclide studies, 
and monitored perioperatively with serial ECGs, measurements 
of serum enzymes, filling pressures, and cardiac output. No one 
died, but 3.7% had myocardial infarct, 2.5% had heart failure, 
and 8.1% had arrhythmias. Cardiac complications were rare in 
patients without clinically evident CAD and in those in Goldman’s 
classes I and II. It appears that patients without clinically de- 
tectable CAD can be operated upon with a low risk if they are 
carefully evaluated and monitored. 


dominal aortic aneurysm (AAA) is myocardial 

infarction (MI).! Adult Americans undergoing 
general anesthesia and surgery have approximately a 0.2% 
risk of MI or cardiac death, but the risks are higher in 
patients with aneurysms, who typically are older and have 
associated vascular disease.* Recent reports describe the 
mortality rate for repair of AAA to be as low as 1.3%, but 
cardiac complications continue to be a threat.** Cardiac 
risk factors have been described and the more important 
ones identified. These include recent MI, congestive heart 
failure, and arrhythmias. Although recurrent angina pec- 
toris appears to increase the danger according to some 
clinicians, others suggest that only unstable angina raises 
the risks.>° Surprisingly, hypertension itself does not in- 
crease the mortality rate of AAA repair if the other risk 
factors are controlled.* Poor general medical conditions 


T HE PRIMARY CAUSE of death after surgery for ab- 
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caused by combinations of other illnesses (abnormal renal 
function, chronic pulmonary insufficiency, and liver dis- 
ease) also increase the overall morbidity and mortality. 

It appears that a delay in elective surgery to treat these 
conditions is good strategy, although some of the problems 
cannot be entirely eliminated.? The cardiac risks appear 
to be the most serious, but controversy continues to sur- 
round how best to detect coronary artery disease (CAD).”® 
Because so many patients with aneurysms have CAD, 
some surgeons recommend routine coronary arteriogra- 
phy for all patients before AAA surgery.”'° Reports from 
other clinics—all with a wide experience in this field— 
recommend nuclear angiocardiography or cardiac scin- 
tigrams, or both, with and without stress protocols. !? 
Cardiologists and surgeons alike agree that a thorough 
clinical evaluation is essential, and several recent studies 
suggest that extensive cardiac tests are needed only in those 
patients who have evidence of CAD by history or routine 
examination. Goldman has proposed a multifactorial as- 
sessment that divides the patients into four classes ac- 
cording to an index that weighs risk factors (Tables 1 and 
2).* His study group was composed mainly of general sur- 
gery patients, but the report identified aortic operations 
in older people as more risky. 

Which cardiac tests are an essential part of the preop- 
erative evaluation before aneurysm surgery? Do patients 
without clinically detectable CAD require an extensive 
workup or will a thorough history, complete examination, 
and careful perioperative monitoring suffice? This study 
was undertaken to examine these questions and formulate 
a plan for reducing the cardiac risks of aneurysm surgery. 
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TABLE 1. Points Assigned to Factors Used by Goldman to Estimate 
Cardiac Risk in Noncardiac Surgery 
Factors Points 
S3 gallop or jugular venous distension on preoperative 
physical examination 11 
Transmural or subendocardial myocardial infarction in the 
previous 6 months 10 
Premature ventricular beats, more than 5/min documented 
at any time 7 
Rhythm other than sinus or presence of premature atrial 
contractions on last preoperative electrocardiogram 
Age over 70 years 
Emergency operation 
Intrathoracic, intraperitoneal, or aortic site of surgery 
Evidence for important valvular aortic stenosis 
Poor general medical condition 
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Methods 


Elective AAA repair was performed in 160 consecutive 
patients (137 men and 23 women) 50-86 years old (av- 
erage age 71). Eighty-two of the patients were over 70 
years old, and 15 were older than 80. All procedures were 
performed in a university teaching hospital by a senior 
resident in general surgery, and one of the authors (MP). 
One hundred thirty-eight of the aneurysms were greater 
than 5 cm in diameter, with a range of 4 cm to 12 cm. 
The incidence of those risk factors usually quoted is shown 
in Table 3. 


Preoperative Preparation 


The diagnosis usually was made by physical exami- 
nation and sonography, although, more recently, com- 
puted tomographic scans were preferred. A few aneurysms 
were detected by magnetic resonance imaging or aortog- 
raphy. Some patients were first seen after aortography, 
but aortograms were not obtained in everyone—mainly 
in those patients in whom the extent of the AAA was in 
doubt (suprarenal extension suspected) or when renovas- 
cular or visceral occlusive disease was thought to be pres- 
ent. Aortograms with run-off films were obtained in pa- 
tients with symptoms of distal arterial obstruction. 

All patients were examined by a cardiologist before 
surgery, usually on an outpatient basis. A thorough history 
and physical examination, 12-lead electrocardiogram 
(ECG), complete blood count, urinalysis, chest radio- 
graph, tests of the coagulation system, measurements of 
serum creatinine and blood urea nitrogen levels, and liver 
function tests were obtained in all patients. The patients 
were divided into four classes as described by Goldman 
(Table 4), Patients with ECG abnormalities and those with 
a history suggestive of CAD had ECG stress tests or ra- 
dionuclide gated-pool cardiography or both. People with 
positive tests or unstable CAD were evaluated for coronary 
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TABLE 2. Observed Risks of General Anesthesia and Surgery in 
Patients Divided into Goldman Classes Based on 
a Multifactorial Index Score 


Life-Threatening 


Class Points Cardiac Complication Cardiac Death 
I 0-5 0.7% 0.2% 
II 6-12 5.0% 2.0% 
Ill 13-25 11.0% 2.0% 
IV 26 or more 22.0% 56.0% 


arteriography and possible coronary artery bypass (CABG) 
surgery, usually by a cardiac surgeon as well as the car- 
diologist. If necessary, aneurysm surgery was delayed for 
several days to several weeks to treat intercurrent illnesses, 
eliminate or stabilize cardiac problems, and improve pul- 
monary function. 


Perioperative Management 


On the evening before operation, a central venous line 
was inserted via a subclavian or jugular vein, and on the 
morning of surgery in 119 patients the central line was 
exchanged for a Swan-Ganz multilumen catheter inserted 
by standard techniques. All patients had an arterial line, 
usually in the radial artery after tests for adequate collat- 
erals via the palmar arch. 

After induction of general anesthesia, pulmonary artery 
and pulmonary artery wedge pressures (PAWP) were 
measured, with digital and graphic display. Cardiac output 
was obtained by thermodilution techniques and cardiac 
indices (CI) calculated. These hemodynamic data were 
continuously monitored during surgery and intermittently 
measured in the intensive care unit as indicated for at 
least 48 hours after surgery. Fluid administration and 
pharmacologic alterations in preload and afterload were 
manipulated as needed to maintain normal filling pres- 
sures, an adequate cardiac output, and urine flow of more 
than 30 ml per hour. 


Operation 


Most operations were performed through the standard 
midline abdominal incision, although the left retroperi- 


TABLE 3. Incidence of Risk Factors 


Risk Factors Number % 
Coronary artery disease 62 38.7 
Hypertension 66 41.2 
Cerebrovascular disease 17 10.8 
Diabetes 11 7.0 
Renal disease 13 8.1 
Chronic obstructive pulmonary disease 50 31.2 
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TABLE 4. Patients with Cardiac Events Occurring Perioperatively 
Separated into Goldman Classes: 160 Patients—Abdominal 
_ Aortic Aneurysm Surgery 





Heart Myocardial 


Class Number Ischemia Arrhythmia Failure Infarction 
I 94 0 7 1 2 
Il 50 l 4 3 2 
II 15 l l 0 2 
IV 1 0 l 0 0 
Total 160 2 13 4 6 


toneal approach was selected in certain patients (prior 
abdominal operation, presence of an ileal conduit, severe 
obstructive pulmonary disease, morbid obesity). Dissec- 
tion was usually limited to expose only the anterior and 
lateral surfaces of the arteries to be clamped. Mannitol 
and heparin were given and the AAA repaired by the graft 
inclusion technique. An infrarenal aortic clamp was usu- 
ally used, but for inflammatory aneurysms (7), and when 
the renal arteries were in the origin of the AAA (3), a 
supraceliac aortic clamp was preferred. If adequate lower 
extremity blood flow was not restored because of graft 
limb or iliac-femoral artery thrombosis (4), immediate 
thrombectomy was performed. 


Early Postoperative Period 


The patients were kept in the intensive care unit over- 
night, or longer if indicated. Data obtained included the 
usual vital signs, PAWP, CI, arterial and mixed venous 
blood gas determinations, samples of airway air, and daily 
chest radiographs. All patients had 12-lead ECGs and 
measurements of serum enzymes daily for 3 days. If ab- 
normalities were detected, further studies were under- 
taken. If serious cardiac problems were not immediately 
resolved, the patients were transferred to the cardiac care 
unit. 


TABLE 5. Associated Surgical Procedures Performed 
in 23 Patients (14%) 
Procedure Number 
Renal artery repairs 10 
4 bypass grafts for stenosis or occlusion 
6 renal artery reimplantations 
3 renal arteries in the aneurysms 
2 horseshoe kidneys 
Nephrectomy for nonfunctioning kidney 
Thrombectomies (iliac-femoral) 
Fasciotomy (leg) 
Endarterectomy profunda femoris artery 
Cholecystectomy 
Splenectomy 
Small bowel resections 
Liver biopsy 
Extensive lysis of adhesions 


TF E FRET. T TEFEN J- ai UOL TT ae 3 


PERRY AND CALCAGNO 


Ann. Surg. + December 1988 


TABLE 6. Complications in 160 Patients 


Complications Number % 
Cardiovascular 

Myocardial infarction 6 

Arrhythmia 3 

Congestive heart failure 4 

4 

3 

2 


— 


Iliac-femoral artery thrombosis 
Distal embolus (toe) 
Stroke 
Pulmonary 
Pneumonia l 0.6 
Pulmonary embolus l 0.6 
Prolonged ventilation (>48 hours) 5 3.1 
Renal (elevation of serum 
creatinine) 
Acute, transient 3 
Chronic 0 — 
Miscellaneous 
Abdominal wound dehiscence 
Wound hematoma (groin) 
Paraparesis 


— N = 
— 
N 


Follow-up 


All patients were seen within 4 weeks after discharge, 
and then usually at 3 months, 6 months, and annually 
thereafter. The follow-up period extended from a mini- 
mum of 3 months to 6 years. All patients were seen at 
least twice by the senior author (MP). Those patients with 
cardiac disease or other medical problems were also fol- 
lowed by the internist consultants. 


Results 


Eighty-six per cent of the patients (138) required a bi- 
furcation graft, usually because of iliac aneurysms or ste- 
nosis, but occasionally because of extensive calcification 
of the terminal aorta. Operating time averaged 3.4 hours 
for tube graft insertion and 3.6 hours when a bifurcation 
graft was used. The time required for surgery ranged from 
2 to 6 hours; the longer operations were because of in- 
flammatory or suprarenal aneurysms or were in patients 
with associated procedures. 

Incidental operations were avoided whenever possible, 
but 23 associated procedures were performed (Table 5). 
The renal artery repairs were required in 3 cases because 
the artery was in the aneurysm, and in 2 patients with 
horseshoe kidneys reimplantation was needed. In 4 pa- 
tients renovascular lesions were treated with bypass grafts. 
In 3 of the 10 patients there was a transient rise in serum 
creatinine postoperatively. Dialysis was not required. 

There were no deaths during hospitalization or within 
30 days, but the major problems in the postoperative pe- 
riod were cardiac (Table 6). Any alteration in normal car- 
diac rhythm that required treatment was included in the 
complications. 
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Discussion 


According to Goldman, preoperative cardiac evaluation 
of the patient should answer three questions: 1) What is 
the predicted risk of cardiac complications with surgery? 
2) What management strategies can be used to reduce the 
risks? 3) What complications can be expected?” Much of 
the data regarding the risks of anesthesia and surgery were 
derived from studies of general surgery patients, although 
several recent reports deal only with aortic aneurysm sur- 
gery. This study, similar to those by Hollier and associates 
and Yeager et al., suggests that aneurysm patients without 
clinically detectable cardiac disease can be expected to do 
well even with this rather large operation.*’ There were 
no operative deaths in our series, although cardiac com- 
plications did occur. 

Of the six patients who suffered myocardial infarctions, 
two had no known CAD, but one of the two was taking 
medicines for hypertension and also had lower extremity 
occlusive arterial disease. One patient had angina, ob- 
structive pulmonary disease, and renal insufficiency. Al- 
though these patients would not qualify as high risk by 
Goldman’s criteria, at least two clearly had diffuse vascular 
disease. 

The other three patients were in a higher-risk group— 
all had arrhythmias that required treatment. Two received 
pacemakers in addition to medicine. In the preoperative 
evaluation, significant rhythm disturbances are third only 
to a recent MI and heart failure as predictors of cardiac 
complications.” 

In this study, any deviation from sinus rhythm that 
required treatment was included, thereby making ar- 
rhythmia the most common postoperative cardiac prob- 
lem. Most were easily resolved, but it is recognized that 
postoperative supraventricular tachyarrhythmias are 
caused by cardiac disease only in approximately 30% of 
cases. It should be noted, however, that myocardial isch- 
emia may be difficult to detect postoperatively, and its 
first manifestation can be an arrhythmia. The severity of 
the arrhythmia often correlates with the severity of the 
coronary artery disease. 

Congestive heart failure usually appeared 2-3 days after 
surgery. Although an underlying poor cardiac perfor- 
mance is implicit, failure can be precipitated by fluid 
overload and aggravated by the side effects of medicines 
given for other reasons. Transcapillary refill of the vascular 
compartment usually begins 24-48 hours after surgery. 
As the electrolyte solutions given during the operation are 
mobilized for eventual excretion, temporary overload may 
ensue. These episodes usually respond readily to diuretics 
and fluid restriction if intrinsic myocardial disease is not 
present. 

From this study, it appears that the preoperative mul- 
tifactorial assessment of risk factors is of benefit in se- 
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lecting patients for aneurysm surgery as well as for other 
noncardiac operations. In contrast to Goldman’s report 
that suggested that age greater than 70 years increased the 
cardiac risk by tenfold, our study did not implicate age 
per se if the patient otherwise could be placed in class I 
or II. Fifty-one percent of our patients were more than 
70 years old. The question of the predictive value of stable 
angina was not answered by either this or other recent 
reports, although it is difficult to ignore the tendency for 
adverse cardiac events to occur more frequently in patients 
with symptomatic CAD. 

Does the aneurysm patient who has no clinically de- 
tectable heart disease require an extensive cardiac workup 
that includes radionuclide studies and perhaps routine 
coronary angiography? This study, similar to some others, 
suggests that the answer is no, at least as regards short- 
term survival. A selective evaluation appears to be asso- 
ciated with a low incidence of serious cardiac complica- 
tions, if those patients at higher risk are identified and 
treated before surgery. A protocol similar to the one de- 
scribed here should separate those patients who require 
special cardiac tests. Various radionuclide methods of ex- 
amining the myocardium and its performance are avail- 
able. We use exercise ECG tests and nuclear angiocar- 
diography to assess underlying cardiac disease in patients 
with stable or symptomatic CAD. Others have successfully 
used cardiac scintigrams with exercise or dipyridamole 
administration to expose damaged myocardium.'*!' All 
of these tests have merit and should be employed freely 
in the evaluation of these patients. 

Hertzer reports that 78 of 246 (32%) patients with AAA 
were found to have severe coronary artery disease on rou- 
tine preoperative coronary artery arteriography.’ A few 
of the patients had uncorrectable CAD, but, if feasible, 
CABG was offered to appropriate patients. Of the 70 pa- 
tients who had myocardial revascularization, 4 died 
(5.7%). Subsequently, 56 patients had AAA repair, with 
1 death from a stroke. Clearly, myocardial revasculariza- 
tion eliminated some of the cardiac causes of death. The 
cumulative benefits of sequential CABG and AAA repair 
were not without a price: there was an overall 4% mortality 
in this group. Although this mortality rate is higher than 
that reported from some clinics that do not advocate sim- 
ilar protocols, the difference is not statistically significant. 
Moreover, this population apparently contained a larger 
number of patients with severe CAD. 

Ruby and his associates have employed simultaneous 
CABG and AAA repair in six patients with unstable car- 
diac disease and expanding or symptomatic aneurysms.° 
These surgeons prefer to stage the operations and perform 
CABG for the usual indications before aneurysm repair. 
We also follow that principle, and five of our patients had 
CABG before aneurysm surgery. In one patient, coronary 
artery grafts were needed on the fifth postoperative day 
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because of myocardial infarction and cardiovascular col- 
lapse, with a successful outcome. 

As others have observed, hemodynamic monitoring 
(PAWP and CI) is an essential part of aneurysm surgery.” 
The ability to continuously assess cardiac performance 
and to effectively use pharmacologic assistance has proven 
beneficial. Although these studies were useful during the 
entire perioperative period, they did not predict adverse 
cardiac events. Recent experiences suggest that trans- 
esophageal two-dimensional echocardiography can detect 
myocardial wall abnormalities before cardiac performance 
deteriorates substantially.'*'* Interventions at this stage 
may reverse untoward effects, sometimes before cardiac 
function is significantly impaired. Both methods, used in 
concert, appear valuable during operation. Hemodynamic 
monitoring should be continued for at least 48 hours after 
surgery and longer if needed because of cardiac abnor- 
malities. 

In some patients with asymptomatic aneurysms, it may 
be helpful to delay surgery for a few days to assess and 
treat intercurrent illnesses. Although there is little evidence 
to support antiarrhythmic prophylaxis, other cardiac 
problems may be improved or solved before surgery. Pa- 
tients with chronic obstructive pulmonary disease may 
benefit from an intensive respiratory therapy program be- 
fore operation. 

Although complete answers to the three questions posed 
above cannot be found in this study, the clinical strategies 
described are of benefit. This is reflected in the absence 
of deaths in this group of patients who had abdominal 
aortic surgery. Patients without clinically detectable car- 
diac disease and those with normal cardiac tests can be 
expected to have few cardiac complications regardless of 
age. Moreover, even patients with coronary artery disease 
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will have a low operative risk if they are adequately treated 
before surgery and carefully monitored afterward. 
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BRIEF SUMMARY 

UNASYN®* (ampicillin sodium/sulbactam sodium) IM/IV 

INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
Strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 
strains of Staphylococcus aureus. Escherichia coli,* Klebsiella spp.* 
(including K. pneumoniae*). Proteus mirabilis,* Bacteroides fragilis.* 


Enterobacter spp. .* and Acinetobacter calcoaceticus * 

Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli, Klebsiella spp. (including K. pneumoniae*). Bacteroides 
spp. (including 8. fragilis). and Enterobacter spp * 

Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli,* and Bacteroides spp.* (including B. fragilis*) 

*Efficacy for this organism in this organ system was Studied in fewer than 10 
infections 

While UNASYN® (ampicillin sodium/sulbactam sodium) ıs indicated only 
for the conditions listed above, infections caused by ampicillin-susceptible 
organisms are also amenable to treatment with UNASYN due toits ampicillin 
content. Therefore. mixed infections caused by ampicillin-susceptible 
organisms and beta-lactamase producing organisms Susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 

The use of UNASYN ıs contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 

WARNINGS 

SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITH A PENICILLIN, CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS, CEPHALOSPORINS, AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS, AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 

PRECAUTIONS 

General: A high percentage of patients with mononucleosis who receive 
ampicillin develop askin rash. Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
er should be kept in mind during therapy. If superinfections occur 
uSually involving Pseudomonas or Candida), the drug should be discon- 
tinued and/or appropriate therapy instituted 

Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged biood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone Itis not known whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the in vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 

Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin. High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
presence of glucose in urine using Clinitest™, Benedict's Solution or 
Fehlings Solution It is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix™ or Testape™) be 
used. Following administration of ampicillin to pregnant women. atransient 
decrease in plasma concentration of total conjugated estriol. es- 
triolgiucuronide. conjugated estrone. and estradiol has been noted This 
effect may also occur with UNASYN 
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Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
iesin animals have not been performed to evaluate carcinogenic or muta- 
enic potential. 
regnancy 

Pregnancy Category B: Reproduction studies nave been performed inmice. 
rats, and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN There are. however, no adequate and well controlled studies in 
pregnant women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy 
only if clearly needed. (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone, frequency of 
contractions. height of contractions, and duration of contractions How- 
ever, itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects onthe fetus. prolongsthe 
duration of labor, or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore, caution should be exercised when UNASYN 
ıs administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site— 16% 

Thrombophiebitis— 3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
nome. nausea, vomiting, candidiasis. fatigue. malaise. headache. chest 
pain. flatulence, abdominal distension, glossitis. urine retention. dysuria. 
edema. facial swelling. erythema, chills. tightness in throat, substernal 
pain, epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

venae Increased AST (SGOT). ALT (SGPT). alkaline phosphatase, and 

LOH 

Hematologic: Decreased hemoglobin. hematocrit. RBC. WBC. neu- 

trophils. lymphocytes. platelets and increased lymphocytes. mono- 

cytes. basophils. eosinophils, and platelets 

Blood Chemistry. Decreased serum albumin and total proteins 

Renal: increased BUN and creatinine 

Urinalysis. Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis, stomatitis black “hairy tongue, enterocolitis 
and pseudomemoranous Colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported. These reactions 
may be controlled with antihistamines and. if necessary, systemic cortico- 
steroids. Whenever such reactions occur. the drug should be discontinued 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: in addition to the adverse laboratory changes listed above for 
UNASYN, agranulocytosis has been reported during therapy with pen- 
icillins, All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Nothing comes closer to 100% activity 

against anaerobes in vitro. It’s a fact. Studies have 

proved no other antibiotic superior to UNASYN in overall 
antianaerobic activity. ™® Not 
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given the importance of anaerobes in 
today’s mixed infections. 

Though clinical results may not 
always mirror those obtained in vitro, there’s a world of 
confidence in choosing UNASYN for presumptive therapy of 
the mixed infections* you see every day. 
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Notice to Contributors and Subscribers 


ANNALS OF SURGERY is a monthly journal which considers 
for publication original articles in the field of surgery. It is the 
oldest continuously published journal in the English language 
solely devoted to the surgical sciences. The Editorial Board con- 
siders only papers judged to offer significant contributions to 
the advancement of surgical knowledge. 

CONTRIBUTIONS. Four typed copies of the manuscript and 
four copies of the illustrations should be sent prepaid to the 
Chairman of the Editorial Board of Annals of Surgery. 


David C. Sabiston, Jr., M.D. 
Annals of Surgery 
Department of Surgery 
Duke University Medical Center 
Durham, North Carolina 27710 


Annals of Surgery has joined a number of other leading Med- 
ical Journals which endorse the “Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals.” These Re- 
quirements were established by an agreement among a number 
of Editors of Clinical Journals in the United States, Canada and 
the United Kingdom. The Criteria for preparation of manuscripts 
are as follows: 


SUMMARY OF REQUIREMENTS 


Type manuscript double spaced, including title page, abstract, 
text, acknowledgments, references, tables, and legends. 

Each manuscript component should begin on a new page, 
in this sequence: 

Title page 

Abstract and key words 

Text 

Acknowledgments 

References 

Tables: each table, complete with title and footnotes, on a 

separate page 

Legends for illustrations 

Illustrations must be good quality, unmounted glossy prints 
usually 12.7 by 17.3 cm (5 by 7 in.) but no larger than 20.3 by 
25.4 cm (8 by 10 in.). 

Submit the required number of copies of manuscript and 
figures (see journal’s instructions) in heavy-paper envelope. 
Submitted manuscript should be accompanied by covering letter, 
as described under “Submission of Manuscripts,” and permis- 
sions to reproduce previously published materials or to use il- 
lustrations that may identify subjects. 

Follow journal’s instructions for transfer of copyright. 

Authors should keep copies of everything submitted. 


PREPARATION OF MANUSCRIPT 


Type manuscript on white bond paper, 20.3 by 26.7 cm or 
21.6 by 27.9 cm (8 by 10% in. or 8⁄2 by 11 in.) or ISO A4 (212 
by 297 mm) with margins of at least 2.5 cm (1 in.). Use double 
spacing throughout, including title page, abstract, text, acknowl- 
edgments, references, tables, and legends for illustrations. Begin 
each of the following sections on separate pages: title page, 
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consideration. 
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The title page should contain [1] the title of the article, which 
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footline of no more than 40 characters (count letters and spaces) 
placed at the foot of the title page and identified; [3] first name, 
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ademic degree(s); [4] name of department(s) and institution(s) 
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ABSTRACT AND KEY WORDS 

The second page should carry an abstract of not more than 
150 words. The abstract should state the purposes of the study 
or investigation, basic procedures (study subjects or experimental 
animals and observational and analytic methods), main findings 
(give specific data and their statistical significance, if possible), 
and the principal conclusions. Emphasize new and important 
aspects of the study or observations. Use only approved abbre- 
viations (see list of Commonly Used Approved Abbreviations 
elsewhere in this document). 

Key (indexing) terms: Below the abstract, provide and identify 
as such, three to 10 key words or short phrases that will assist 
indexers in cross-indexing your article and that may be published 
with the abstract. Use terms from the Medical Subject Headings 
list from Index Medicus whenever possible. 


TEXT 

The text of observational and experimental articles is usually— 
but not necessarily—divided into sections with the headings 
Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their con- 
tent, especially the Results and Discussion sections. Other types 
of articles such as case reports, reviews, and editorials are likely 
to need other formats, and authors should consult individual 
journals for further guidance. 

Introduction: Clearly state the purpose of the article. Sum- 
marize the rationale for the study or observation. Give only 
strictly pertinent references, and do not review the subject ex- 
tensively. 
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BRIEF SUMMARY 

UNASYN"* | ap emt sodium/sulbactam sodium) IM/IV 

INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 
Strains of Staphylococcus aureus, Escherichia coli,* Klebsiella spp.* 
(including K. pneumoniae*), Proteus mirabilis.* Bacteroides fraguis,* 
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Enterobacter spp. .* and Acinetobacter calcoaceticus * 
Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli, Klebsiella spp. (including K. pneumoniae”). Bacteroides 
spp. (including B fragilis), and Enterobacter spp. * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli.* and Bacteroides spp.* (including B. fragilis*) 
“Efficacy for this organism inthis organ system was Studied in fewer than 10 
infections 
While UNASYN®* (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
Organisms are also amenabie to treatment with UNASYN dueto its ampicillin 
content. Therefore, mixed infections caused by ampicillin-susceptible 
organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITH A PENICILLIN, CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS. CEPHALOSPORINS, AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION, 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop askin rash. Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis. In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
should be kept in mind during therapy. If superinfections occur 
usually involving Pseudomonas or Candida), the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases Sub- 
Stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone itis not known whether this 
potentiation of ampicillin rashes ts due to allopurinol or the hyperuricemia 
present in these patients There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the n vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin. High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
peas of glucose in urine using Clinitest’*. Benedict's Solution or 
ehlings Solution It is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix™ or Testape™) be 
used. Following administration of ampicillin to pregnant women. atransient 
decrease in plasma concentration of tota! conjugated estriol. es- 
triolgiucuronide. conjugated estrone. and estradiol has been noted This 
effect may also occur with UNASYN 
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Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 


genic potential 


regnancy 

Pregnancy Category B: Reproduction studies have been performed in mice. 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN. There are, however, no adequate and well controlled studies in 
pregnant women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy 
only if clearly needed. (See—Drug/Laboratory Test Interactions.) ` 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone. frequency of 
contractions. height of contractions, and duration of contractions How- 
ever, itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on the fetus, prolongs the 
duration of labor, or increases the likelinood that forceps delivery or other 
Obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk; therefore, caution should be exercised when UNASYN 
is administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN ts generally well tolerated The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site—16% 

Thrombophiebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
et nausea. vomiting. candidiasis, fatigue, malaise, headache. chest 
pain, flatulence, abdominal distension, glossitis. urine retention. dysuria, 
edema. facial swelling. erythema. chills, tightness in throat, substernal 
pain, epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

venans Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 

LOH 

Hematologic: Decreased hemoglobin. hematocrit. RBC. WBC. neu- 

trophils. lymphocytes. platelets and increased lymphocytes. mono- 

cytes, basophils. eosinophils, and platelets 

Blood Chemistry: Decreased serum albumin and total proteins 

Renal: increased BUN and creatinine 

Urinalysis: Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis, stomatitis. black ‘hairy’ tongue, enterocolitis 
and pseudomemoranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported. These reactions 
may be controlled with antihistamines and. if necessary, systemic cortico- 
steroids. Whenever such reactions occur. the drug should be discontinued 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins. All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 


ROCRIG Gz> 


A division of Plizer Pharmaceuticals 
New York. New York 10017 


Pain at IV injection site—3% 


© 1988, Pfizer Inc 


Register Early for Preferred Accommodations 


March 13 — 16, 1989 


a The Cloister 


Sea Island, Georgia 


Combine a brief holiday with an authoritative update on important developments in general surgery. A distinguished faculty of 
surgical experts, drawn from seven medical schools nationwide, covers timely topics in trauma, vascular, and gastrointestinal 
surgery. Each day’s activities end with a.panel discussion. The Cloister, Sea Island, Georgia, recognized as outstanding by Mobil 
Travel Guide (Five Stars) and AAA (Five Diamonds), embodies the southern tradition of elegance and gracious living. The Cloister 
offers countless opportunities for recreation, including beaches, tennis, and golf, as well as fine dining on the full American plan. 
Phone today for more information on this unique CME opportunity. Participation earns 25 AMA Category 1 Credit Hours. 


The Cook County Graduate School of Medicine offers a wide range of reviews, updates, and hands-on technical courses for the 


general surgeon or surgical specialist. Phone or write for a complete course schedule. 





Ton Bc ETOS bee Teak 


Sa bland i 


For further information, 


call toll-free anytime 


800-621-4651 


In Illinois, call 800-621-4649 


The CME Leader 


707 South Wood Street 
Chicago, Illinois 60612 





<2 Madni 








Aortic Thrombosis in Neonates and Infants 


NN SS a SS SSS SS SS CH 
G.K. LOFLAND, M.D., P. RUSSO, M.D., B. SETHIA, M.D., and M. DE LEVAL, M.D. 





Aortic thrombosis in the neonate occurs most frequently as a 
complication of umbilical artery catheterization. There is still 
controversy concerning the appropriate management of this 
problem. Complications associated with umbilical artery can- 
nulation are numerous and include renal failure, which may ne- 
cessitate peritoneal dialysis. Because of this possibility, we il- 
lustrate and advocate a retroperitoneal approach to the abdominal 
aorta for thromboembolectomy. 


ORTIC THROMBOSIS is a recognized complication 

of umbilical artery cannulation. As smaller and 

sicker neonates have been resuscitated and man- 
aged in neonatal intensive care units, this complication 
has become more frequent. Considerable controversy 
surrounds the appropriate management of this problem. 
We hereby present two cases of acute neonatal aortic 
thrombosis. We also present a surgical approach to this 
problem that is somewhat different from approaches pre- 
viously taken in the literature and that we feel offers a 
superior result. 


Case Reports 


Case 1. The patient was a 4.65-kg infant of a 36-year-old woman with 
gestational diabetes and polyhydramnios, delivered by elective caesarian 
section at 38 weeks. She subsequently developed respiratory distress and 
was given oxygen and antibiotics. An umbilical artery catheter was placed, 
which remained for 3 days. On day 6 of life, she was noted to have very 
poor circulation in her lower extremities. She was felt to be septicemic 
and was transferred to The Hospital for Sick Children. Upon transfer, 
her white blood cell count (WBC) was 32,700 with 83% polymorphs and 
a platelet count of 67,000. Lumbar puncture and blood cultures per- 
formed at the referring hospital were sterile. 

Physical examination upon arrival revealed an obese, plethoric baby 
with poor perfusion and moderate respiratory distress. Her heart rate 
was 150 beats per minute, and blood pressure was 75/45 mmHg with 
absent femoral pulses. Her lung fields were clear. A grade 2/6 systolic 
murmur was noted. The liver edge was palpable 4 cm below the costal 
margin. The remaining examination was unremarkable. Laboratory data 
revealed sodium 124 mmol/L, potassium 6.79 mmol/L, chloride 88 
mmol/L, urea 10 mmol/L, creatine 170 nmol/L. Prothrombin time was 
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24/13.5, partial thromboplastin time 42/37.5, and thrombin time 14.5/ 
10.5; fibrinogen was 135 g/L. There was metabolic acidosis with a base 
excess of —7.0. Echocardiography revealed no intracardiac abnormality 
and no evidence of coarctation in spite of absent femoral pulses. Renal 
ultrasound revealed evidence of renal vein thrombosis. Because of in- 
creasing oliguria and hypertension, peritoneal dialysis, nitroprusside, and 
prostacyclin were instituted. A subtraction aortogram demonstrated 
thrombotic occlusion of the descending aorta. 

The patient was taken to the operating room where she underwent 
aortic thrombectomy through a midline abdominal approach. Postop- 
eratively, urokinase and prostacyclin were continued. She continued to 
require peritoneal dialysis and experienced problems of leakage of fluid 
from her abdominal incision, followed by dehiscence, necessitating re- 
closure. She was subsequently treated with hemodialysis and hemofil- 
tration. Her renal function gradually improved, and she was eventually 
discharged 3 months after admission with slight elevation of her renal 
function studies, and palpable femoral pulses. Follow-up in outpatient 
clinic reveals that she has continued to improve. 

Case 2. The patient was a 3.34-kg product of an uncomplicated preg- 
nancy born at term by emergency caesarian section because of failure 
to progress and meconium-stained amniotic fluid. She was felt to have 
meconium aspiration and underwent placement of an umbilical artery 
catheter during resuscitation. She improved and on routine examination 
before discharge was found to have absent femoral pulses. She was trans- 
ferred to The Hospital for Sick Children. 

Physical examination revealed a vigorous, pink infant in no acute 
distress. Her heart rate was 130 beats per minute. Cardiovascular ex- 
amination was normal except for absent femoral pulses. Electrocardio- 
gram (ECG) chest x-ray, and laboratory investigations were all normal. 
Cross-sectional two-dimensional echocardiography demonstrated normal 
cardiac anatomy and absent pulsations in the abdominal aorta. Angiog- 
raphy revealed complete aortic obstruction approximately | cm below 
the renal arteries. She underwent aorto-iliac thrombectomy through a 
flank incision and retroperitoneal approach with restoration of good blood 
flow. 

Postoperatively, she developed abdominal distension and blood-stained 
stools and was treated for necrotizing enterocolitis with a 10-day course 
of total parenteral nutrition and antibiotics. The remainder of her recovery 
was uneventful. Before discharge, she underwent digital substraction an- 
giography, which revealed patency of her abdominal aorta and iliac ar- 
teries (Fig. 1). 

She has been followed in outpatient clinics with a normal examination 
and normal growth and development. 


743 


a nd | 


+ 


> Pepe er lie Ni fl 


* 


RE oe 


Yr 


"r FERE 
PPP 


» 


b 


bg a Las Sor a Tar 


TT 


rie 


AC oh 





* bari D iir aa ae TINE, © 


$ ea) s peN — 
$ Co 


Fic. 1. Digital substraction angiogram demonstrating patency of the 
abdominal aorta, common iliac arteries, and both internal and external 
iliac arteries. 


Discussion 


In 1945, Gross described mechanisms of arterial emboli 
and thrombosis in infancy and implicated cyanotic con- 
genital heart disease with polycythemia as a possible 
mechanism.' In 1964, Raffensperger reported a case of 
aortic thrombosis in a 9-month-old infant. In 1970, 
Hatch? reported a similar case, although Hatch’s case also 
involved an umbilical artery catheter. Both cases were 
managed by aortic thrombectomy with success. There 
followed several more case reports** including one as- 
sociated with antithrombin 3 deficiency.” None of these 
cases was associated with umbilical artery cannulation. 
In 1978, Knowlson observed in three autopsy cases that 
aortic thrombosis occurred concurrently with closure of 
a ductus ateriosus and was unassociated in these cases 
with indwelling umbilical artery cannulae. Cohen’ sub- 
sequently proposed dehydration, sepsis, and hypercoagu- 
lability as mechanisms. 

Sahn et al. performed aortography in 38 neonates un- 
dergoing umbilical artery cannulation and documented 
thrombosis in 17, with evidence of impaired circulation 
occurring in 10.8 This was further confirmed in a study 
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by Mokrohisky et al.,? who documented a higher com- 
plication rate with an umbilical artery catheter if the tip 
was positioned between the third and fourth lumbar seg- 
ments, as opposed to the seventh and eighth thoracic seg- 
ments. 

In 1981, Henry!’ presented two cases of total aortic 
thrombosis presenting as congestive heart failure, both 


related to umbilical artery catheterization. Both patients 


underwent thrombectomy, but both patients died post- 
operatively of progressive acidosis, bowel infarction, and 
aneuria. In a subsequent letter to the editor, Adelmann!! 
suggested that a conservative nonoperative approach 
might be advisable in patients who could be stabilized 
medically, as many arterial thromboses will resolve spon- 
taneously. In another letter to the editor, Doshi et al.!? 
agreed with Henry in an aggressive approach to patients 
who were deteriorating with medical management and 
advocated noninvasive investigation to establish the di- 
agnosis. 

In reviews by O’Neill et al.'!? and Krueger et al.'* of 
4000 infants undergoing umbilical artery cannulation, a 
large number had ischemic complications prompting re- 





FIG. 2. Illustration of the retroperitoneal approach to the abdominal 
aorta. The patient is rolled into an anterolateral position. The left hip is 
elevated. The incision extends from the lower costal margin to the sym- 
physis pubis. Upon traversing the abdominal wall musculature, care is 
taken to avoid entering the peritoneum while the sigmoid colon is being 
reflected medially. The combination of careful blunt and sharp dissection 
gains excellent exposure in the retroperitoneum of the entire distal ab- 
dominal aorta and both iliac vessels down to and beyond their bifurcation. 
The ureter is clearly identified as it crosses the bifurcation of the common 
iliac and is avoided. A longitudinal incision was made in the distal aorta 
as illustrated by the dotted line and was subsequently closed with a run- 
ning 7-0 polypropylene suture. If exposure of the renal arteries is desired, 
the incision and dissection can be extended more proximally. 


TEEN, 
VAER 


= TF h ahia ee TOES iis ita B 


Vol. 208 « No. 6 


moval of the catheter, and 41 had major thromboembolic 
complications necessitating surgical intervention. It was 
felt that patients with aorto-iliac or mesenteric ischemia 
should be rapidly investigated and an aggressive surgical 
approach undertaken. Several other case reports con- 
curred.!*!7 

The etiology of aortic thrombosis thus includes the fol- 
lowing: congenital heart disease with polycythemia,' in- 
fection and sepsis,’ dehydration,’ closure of the ductus 
arteriosus,° congenital'*'*:'? antithrombin 3 deficiency,’ 
and iatrogenic.”° 

The specific complications of umbilical artery cathe- 
terization include infection,”! embolism,” neurologic 
complications,” hypertension,” necrotizing enterocoli- 
tis,” arterial thrombosis,”° aortic aneurysms,” bleeding,”*® 
and renal failure. 

The two patients, we report each exhibited two major 
complications of umbilical artery cannulation. The first 
patient developed aortic thrombosis with associated renal 
failure and hypertension secondary to renal artery occlu- 
sion. The second patient developed aortic thrombosis with 
associated necrotizing enterocolitis. The first patient was 
explored through an abdominal incision, identical to the 
approach taken in all other reports in the literature. This 
made subsequent peritoneal dialysis extremely difficult 
and contributed significantly to the overall poor nutri- 
tional status and poor wound healing resulting in dehis- 
cence of the abdominal wound. Although the patient 
eventually recovered and did well, this additional com- 
plication prolonged hospitalization and made her man- 
agement more difficult. Because of this and previous ex- 
perience with a retroperitoneal approach to the abdominal 
aorta in aorto-iliac occlusive disease and abdominal 
aneurysm in adults, the second patient was explored 
through a flank incision and retroperitoneal approach (Fig. 
2). This allowed excellent visualization of both of the iliac 
arteries, the distal aorta, inferior mesenteric artery, and 
renal arteries (see illustration). Extension of the incision 
would have allowed visualization and control of the aorta 
more proximally. The abdomen was not entered, and 
consequently peritoneal dialysis could easily have been 
performed had the need arisen. 

Therefore, we propose an aggressive approach to aortic 
thrombosis in neonates. 

We feel that the retroperitoneal approach is superior, 
because it allows excellent visualization of the aorta and 
iliac arteries and does not violate the integrity of the ab- 
domen. It also allows for uncomplicated institution of 
peritoneal dialysis should the need arise. 
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Effects of Aspirin, Dipyridamole, and Cod Liver Oil 
on Accelerated Myointimal Proliferation in Canine 


Veno-Arterial Allografts 





WILLIAM M. DECAMPLI, M.D., PH.D.,* JON C. KOSEK, M.D.,t R. SCOTT MITCHELL, M.D.,* CYNTHIA E. HANDEN, B.S.,* 


and D. CRAIG MILLER, M.D." 





The effects of the administration of aspirin (ASA), dipyridamole 
(DPM), and cod liver oil (CLO) on graft patency rate and degree 
of intimal hyperplasia were investigated in a canine, hypercho- 
lesterolemic veno-arterial allograft model in an attempt to modify 
this immunologically mediated vascular injury. The drug regi- 
mens were ASA 1 mg/kg/day, DPM 10 mg/kg/day, combined 
ASA and DPM (ASA + DPM), and CLO (1.8 g/day eicosa- 
pentanoic acid [EPA] and 1.2 g/day docosahexanoic acid [DHA]), 
and control. The early angiographic patency rate (1-3 weeks) 
was 81% + 10% (+ 70% confidence limits); the 90-day overall 
patency rate was 60% + 4% (87/144), with no statistically sig- 
nificant differences among the groups (range 46 + 10-71 + 9%). 
Qualitatively, there was no difference in luminal thrombus, in- 
timal hemorrhage, or lesion eccentricity. Considering the rela- 
tively short time of graft implantation, an extensive amount of 
microscopic disease was observed; quantitatively, the mean in- 
timal thickness was 515 + 17 um overall but was not statistically 
different between the groups. The fraction of potential lumenal 
area occupied by intimal thickening was 0.37 + 0.01 but again 
did not differ significantly between the groups. These doses of 
ASA, DPM, ASA + DPM, and CLO did not alter graft occlusion 
or retard the marked degree of subintimal myointimal cell hy- 
perplasia that was generated in this hypercholesterolemic canine 
veno-arterial allograft preparation. Possible explanations for 
these negative findings include inadequate dosage or form of 
omega-3 fatty acids and the antiplatelet drugs administered, ex- 
cessive variability in graft response due to uncharacterized im- 
munologic histocompatibility, and the possible influence of non- 
platelet-mediated mechanisms. Nevertheless, this preparation 
is attractive as a reproducible model of accelerated (immuno- 
logically mediated) experimental arteriosclerosis. 


CCELERATED ALLOGRAFT coronary artery dis- 
ease (CAD) is one of the most frequent causes 


of late death in cardiac transplant patients.'~ 
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This vascular lesion is similar to “natural” arteriosclerosis, 
with the exception that it develops in a rapid, precocious 
manner and occurs as a diffuse process in coronary ar- 
terioles and arteries of all sizes.” Obliterative subintimal 
hyperplasia, disruption of the internal elastic lamina, mu- 
ral and perivascular leukocytic and lymphocytic infiltra- 
tion, medial degeneration, and medial fibrosis are com- 
mon findings in both experimental heart transplantation 
models and in human cardiac allografts.* Pharmacologic 
intervention with nonspecific “‘platelet-active agents” (in- 
cluding aspirin [ASA] and dipyridamole [DPM]) to retard 
the progression of this disease has been repeatedly at- 
tempted. Kincaid-Smith demonstrated reduced incidence 
and diminished severity of disease in renal allografts (im- 
munosuppressed with azathioprine and prednisone) when 
warfarin and DPM were administered.” Laden showed, 
however, that DPM did not prevent allograft vessel disease 
in a rat transplant model with the use of azathioprine 
immunosuppression.® Griepp et al. observed less CAD 
(assessed angiographically or at autopsy) in a retrospective 
analysis of cardiac transplant patients treated with war- 
farin and DPM, ! but this was later found to be related 
probably to an increased mismatch frequency in the HLA, 
locus. In a rat model employing cyclosporine (Cy-A) im- 
munosuppression, Lurie et al. showed that very high-dose 
DPM strongly inhibited cardiac allograft vessel disease.’ 
More recently, however, Hoyt et al. were unable to re- 
produce these findings and demonstrated no beneficial 
effect of SC-32840 (a thromboxane synthetase inhibitor 
(Ciba-Geigy, NJ]), ASA, DPM, or sulfinpyrazone on the 
extent of allograft vessel disease in rats treated with 
Cy-A. Although this issue has not been investigated clin- 
ically in properly controlled trials, the current consensus 
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regarding cardiac transplantation in the Cy-A era suggests 
that ASA or DPM or both probably do not reduce the 
incidence or degree of accelerated allograft CAD.?? 
These confounding observations, the recent findings 
that dietary supplementation with fish oil (marine lipids 
or, specifically, long-chain, polyunsaturated omega-3 free 
fatty acids),”"'* antiplatelet agents'*'* or both inhibits 
subintimal myointimal cell proliferation in experimental 
arteriosclerosis models, the promising antithrombotic 
and antithromboembolic effects of certain antiplatelet 
drugs,'*-'® and the increasing importance of accelerated 
CAD in cardiac transplant patients,'~> stimulated this in- 
vestigation of the effects of platelet-active agents in a pe- 
ripheral vascular veno-arterial allograft model using 
quantitative morphometric methods in hypercholester- 
olemic dogs. Furthermore, it was theoretically attractive 
to test cod liver oil (CLO), which contains omega-3 fatty 
acids (namely, eicosapentanoic acid [EPA] and docosah- 
exanoic acid [DHA]) in this model because they inhibit 
the inflammatory response via changes in leukotriene (LT) 
metabolism (viz., biosynthesis of LTB; instead of LTB, 
by monocytes and polymorphonuclear white cells),!°-?? 
reduce generation of thromboxane A> (TxA32), inhibit 
platelet aggregation and release,**?° possibly have im- 
munosuppressive activity,” and reduce elevated tri- 
glyceride and very low-density lipoprotein (VLDL) levels 
in patients with certain types of hyperlipoproteinemia.??”" 


Methods 


Forty mongrel dogs (12-28 Kg) of either sex undergoing 
veno-arterial allografting were placed on a high-cholesterol 
diet and divided randomly into five treatment groups as 
follows: 


Control 

ASA 1 mg/kg/day 

DPM 10 mg/kg/day 

Combined ASA + DPM (1 mg/kg/day and 
10 mg/kg/day, respectively) 

CLO capsules (1.8 g/day of EPA and 1.2 g/ 
day of DHA [KAL, Inc., Woodland Hills, 
CA]) 


All drugs were given orally with food once daily. A 
custom 5% cholesterol diet (ICN Nutritionals, Cleveland, 
OH) selected to produce cholesterol levels in the 300-350 
mg/dl range and drug treatment were started 24 hours 
before the operation and continued until termination of 
the experiment. Cholesterol determinations were made 
preoperatively and after 1, 4, 8, and 12 weeks. 

The animals were anesthetized in pairs with sodium 
pentobarbital (25 mg/Kg) with succinylcholine (1 mg/Kg) 
for relaxation. An 8-cm length of femoral vein was re- 
moved and gently flushed (without distension) with hep- 


Group 1: 
Group 2: 
Group 3: 
Group 4: 


Group 5: 
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arinized (1000 U/ml) lactated Ringer’s solution at room 
temperature. The veins were reversed, divided, and sewn 
end-to-end into both femoral and carotid arteries of the 
other (recipient) dog with a continuous 6-0 polypropylene 
(Prolene, Ethicon, Inc., Somerville, NJ) suture. Intrave- 
nous digital subtraction angiography (DSA) was per- 
formed between postoperative days 10 and 15 in the first 
4 animals to assess the incidence of early graft occlusion 
in these 16 grafts. After 90 days, the animals were eu- 
thanatized (intravenous T-61 Solution, American Hoechst 
Co. [Animal Health Division], Somerville, NJ) and the 
grafts excised. One veno-arterial allograft from each site 
in the four drug treatment groups was used for separate 
biochemical analyses, leaving 28 grafts in groups 2-5 and 
32 in group 1 available for patency assessment and mor- 
phologic evaluation; thus, there were a total of 144 grafts 
available for analysis. Each graft was gently flushed with 
saline to assess patency. After one end of the graft was 
ligated, it was pressure fixed with 10% formaldehyde at 
100 mmHg for 24 hours. After fixation, sections of the 
proximal, middle, and distal portions of each graft were 
prepared for light microscopy and stained with hematox- 
ylin—eosin and elastic Van Gieson (EVG) stains (a total 
of 244 specimens). Selected specimens were placed in 
graded concentrations of ethyl alcohol, dried in a CO, 
bomb, and sputter-coated with gold for scanning electron 
microscopy. 

Patent grafts were examined under light microscopy 
and qualitatively graded according to amount of luminal 
thrombus, extent of intimal hemorrhage, and degree of 
eccentricity of the lesions. Microscopic ring sections of 
patent grafts were individually magnified and projected, 
and the perimeters of the lumen (Pium), internal elastic 
lamina (IEL) (Pin), and external elastic lamina (EEL) 
(Pimea) aS well as special features such as luminal or intimal 
thrombus and hemorrhage were traced. The tracings were 
digitized on a Hewlett-Packard (H-P, Palo Alto, CA) 
9111A digitizer tablet with an H-P Series 9000, Model 
216 computer work station, where the digital data were 
stored on an H-P 9133L disk. The computer was then 
used to calculate the area of the intima (Ain) and media 
(Amea) With Green’s theorem from vector integral calculus. 

The luminal area (Aium) was corrected to that of a per- 
fect circle with the measured perimeter, Pium: 


Ålum m (Pium) /4r (3 z 3.14). 


The fractional area occupied by the thickened intima (F;n) 
with respect to the total area within the IEL was then 
calculated as: 


Fin = Aint/(Aint + Alum): 
The medial area (Fmea) was similarly defined as: 


Fined = Amea/ (Amea + Alum). 
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FIG. 1. Serum cholesterol levels increased in all animals in all groups 
rapidly and then plateaued. The curves for all groups were nearly identical 
to the representative one shown here. ANOVA = analysis of variance. 


The average intimal thickness (Tint) was derived as: 


Tint = (Pint P Pium)/27. 
Finally, the ratio (R) was calculated as: 
R = (Pint La Pium)/Pium 


Variability was expressed as plus or minus one standard 
error of the mean (SEM) for continuous variables and 
plus or minus 70% confidence limits (70%CL) for patency 
rates. Differences in the values of Aint, Amed, Alum, Fint, 
Fineds Tint, R, and the ratio Amec/Aium (which also char- 
acterizes the eccentricity of the lesion) were analyzed with 
single-factor, repeated measures analysis of variance 
(ANOVA) (BMDP Statistical Software, Inc., Los Angeles, 
CA) with the use of the restricted maximum likelihood 
approach to a general linear model with provisions for 
unbalanced data.*! Univariate linear regression was em- 
ployed on selected pairs of variables, and the regression 
presented with 90% confidence levels. Chi square analysis 
(adjusted for the multiple comparisons with the Bonfer- 
roni correction) was used to assess differences in patency 
rates. One-way ANOVA was used to assess changes and 
differences in cholesterol levels and the qualitative mor- 
phologic measurements. A p value less than 0.05 was con- 
sidered statistically significant. 
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All animals received humane care in compliance with 
“Principles of Laboratory Animal Care” formulated by 
the National Society for Medical Research and the “Guide 
for the Care and Use of Laboratory Animals” prepared 
by the National Academy of Science and published by 
the National Institutes of Health (NIH Publication 85- 
23, revised 1985). This protocol was approved by the Palo 
Alto VA Medical Center and Stanford University Medical 
Center animal research subcommittees and conducted 
according to University policy. 


Results 


At the start of the experiment, there were no significant 
differences in weight, hematocrit, platelet count, serum 
cholesterol level, or initial graft length among the five 
groups. Cholesterol levels rose from 161 + 38 mg/dl to 
334 + 45 mg/dl within 1 week of starting the diet, and 
thereafter plateaued in this range (Fig. 1); there was no 
significant difference in cholesterol level between the 
groups (p = 0.09). Similarly, no significant differences in 
hematocrit, platelet count, or bleeding time were evident 
among the groups. 

The early (1-3 weeks) patency rate in the first 16 grafts 
assessed by DSA was 81% + 10%. No focal lumenal nar- 
rowing was present in patent grafts. The ultimate patency 
rate of these particular 16 veno-arterial allografts at 90 
days was 63% + 13%, which was similar to the 60% + 4% 
(87/144) overall patency rate. The 90-day patency rates 
for the five groups are summarized in Table 1; the control 
grafts (Group 1) had a 56% + 9% patency rate. No statis- 
tically significant difference in patency rate was apparent 
among the groups, which ranged from 46% + 10% for 
group 5 (CLO) to 68% + 9% in group 3 (DPM) and 71% 
+ 9% in group 4 (combined ASA + DPM). Furthermore, 
there was no significant difference in patency rate among 
the four individual arterial sites, which varied from 56% 
+ 9% to 64% + 9% (Table 1). Interestingly, 70% of all 
occluded grafts occurred in clusters of three or four grafts 
in one dog, whereas only 30% occurred more sporadically 
(one or two in the same dog). These clusters of occluded 
grafts appeared to be distributed equally among the op- 
erating surgeons and among the five groups. 

Marked morphologic variability was present in the 


TABLE 1. Graft Patency Rats at 90 Days Expressed as Mean + 70% Confidence Limits 


Group* l 2 3 4 5 All 
Left femoral 63% + 18% 57% + 19% 71% + 18% 71% + 18% 43% + 19% 61% + 8% 
Right femoral 63% + 18% 57% + 19% 57% + 19% 71% + 18% 29% + 18% 56% + 9% 
Left carotid 50% + 18% 43% + 19% 71% + 18% 71% + 18% 71% + 18% 61% + 8% 
Right carotid 50% + 18% 86% + 14% 71% + 18% 71% + 18% 43% + 19% 64% + 9% 
Total 56% + 9% 61% + 10% 68% + 9% 71% + 9% 46% + 10% 60% + 4% 


* Group 1: control; Group 2: ASA; Group 3: DPM; Group 4: combined ASA + DPM; Group 5: CLO. 
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FIGS. 2A-F. (A) Representative microscopic ring section of a veno-arterial allograft illustrating mild to moderate symmetric subintimal thickening 
(the IEL is outlined by arrows in this and the other photomicrographs) without any eccentric lesions or areas intimal hemorrhage. Note the absence 
of distortion and fixation artifact when the grafts are perfusion fixed at physiologic pressures. (EVG; original magnification, X14) (B) Veno-arterial 
allograft portraying severe intimal thickening. medial atrophy, and substantial luminal narrowing (EVG; original magnification, X14) (C) Moderately 
eccentric lesion consisting of extensive subintimal proliferation (EVG; original magnification, X14) (D) Large, organizing luminal thrombus protruding 
from an eccentric area of marked intimal hyperplasia which contrasts with only minimal subintimal proliferation on the opposite wall (arrowheads). 
(EVG; original magnification, X14) (E) A moderate degree of concentric intimal myointimal cell proliferation with patchy areas of hemorrhage 
within the lesion. (EVG; original magnification, X14) (F) Marked, irregular subintimal proliferation and severe intimal hemorrhage with substantial 
luminal narrowing, (EVG; original magnification, X14). 
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TABLE 2. Summary of Fraction of Specimens (+SEM) with Three 
Qualitative Morphologic Features Subdivided According 
to Treatment Group 


Luminal Intimal Major Eccentric 
Group* N Thrombus Hemorrhage Lesion 
1 55 18% + 5.2% 15% + 4.8% 16% + 4.9% 
2 40 20% + 6.3% 20% + 6.3% 30% + 7.2% 
3 57 16% + 4.9% 19% + 5.2% 19% + 5.2% 
4 57 25% + 5.7% 18% + 5.2% 16% + 4.9% 
5 35 34% + 8.0% 20% + 6.8% 17% + 6.3% 
F testt F = 0.13 F=0.14 F = 1.0 


* Group 1: control; Group 2: ASA | mg/Kg/day; Group 3: DPM 10 
mg/Kg/day; Group 4: combined ASA | mg/Kg/day + DPM 10 mg/Kg 
day; Group 5: CLO (EPA 1.8 g/day and DHA 1.2 g/day); N = number 
of specmens analyzed. 

+ F test: one-way ANOVA, unbalanced data. 


veno-arterial allografts, as shown in Figs. 2A-F, which 
included mild, symmetric subintimal thickening, medial 
fibrosis and atrophy, severe lesions with marked graft nar- 
rowing, eccentric lesions, lumenal thrombus, and subin- 
timal hemorrhage. Typical characteristics observed in 
varying degrees in most grafts were thickening of the in- 
tima, degeneration and fibrosis of the media, inflamma- 
tion, degeneration, and periadventitial fibrosis. Dense 
collagen deposition was usually seen in the media and 
also frequently in the intima. The intima was usually 
thicker in areas where the media was less fibrotic. Three 
discrete histologic features (organized lumenal thrombus, 
intimal hemorrhage, and marked eccentricity of the sub- 
intimal lesions) were also commonly observed; the fre- 
quency of each of these three characteristics among the 
total of 244 sections examined is listed in Table 2 sub- 
divided by treatment group. There was no appreciable 
difference in these pathologic features among the proxi- 
mal, middle, or distal graft segments. None of the treat- 
ment groups differed significantly (ANOVA) with respect 
to any of these three qualitative characteristics. Scanning 
electron microscopy of both control and treated grafts at 
90 days revealed relatively normal-appearing endothelial 
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surfaces, as we*?~*4 and others? have previously reported 


in both veno-venous and veno-arterial allografts, but focal 
endothelial cell denudation and globular-shaped, appar- 
ently exfoliating, endothelial cells were evident. Capillaries 
and vasa vasora were not seen in either the fibrotic media 
or the thickened intima. 

The measured and derived quantitative morphometric 
parameters are summarized in Table 3. The overall mean 
lumenal area (corrected to a perfect circle) corresponded 
to a graft inner diameter of 4.2 mm (range 1.2-9.2 mm). 
Mean intimal thickness (Tin) was 515 + 17 wm, and 
ranged from 34-1500 um, illustrating the wide variability 
of the histologic changes observed in these veno-arterial 
allografts. No significant differences in any of the mor- 
phometric parameters were present among the five groups, 
although there was possibly a slight trend toward less in- 
timal proliferation in the ASA + DPM group. As illus- 
trated in Figure 3, the intimal area was relatively larger 
than the medial area in all groups, reflecting intimal pro- 
liferation or medial atrophy and fibrosis or both in all 
groups. One characteristic of the medial changes, however, 
did vary according to arterial grafting site; the carotid grafts 
had substantially less fractional medial area (Fmeq) than 
did the femoral grafts (F-test, p < 0.05). 

Many possible relationships between the various mor- 
phometric parameters and other variables, including cho- 
lesterol level, graft length, graft site, and patency, were 
inspected. The only significant correlation observed was 
an interesting, inverse relationship between platelet count 
and intimal area (Aint) (r = —0.90, SEE = 44.7, p = 0.007, 
Fig. 4). 


Discussion 


The pronounced subendothelial myointimal cell pro- 
liferation observed in veno-arterial allografts (averaging 
516 um and exceeding 1000 um in many specimens, see 
Fig. 2) after 90 days in this experiment was most likely 
accelerated by chronic and recurrent acute immunologic 
rejection. In contrast, the mean microscopic intimal 
thickening in 90-day-old veno-arterial autografts was only 


TABLE 3. Quantitative Morphometric Parameters* (Expressed as Mean + 1 SEM) for the five groups. 


Groupt | 2 
(No. Specimens) (N = 55) (N = 40) 
Ajum (mm?) 14.1 + 0.9 12.8 + 1.2 
Ain (mm?) 7.2 + 0.60 6.9 + 0.50 
Tin (mm) 525 + 46 523 + 42 
R 0.31 + 0.04 0.35 + 0.05 
Amea (mm?) 4.3 + 0.50 3.6 + 0.35 


* See text for the mathematical derivation of the morphometric pa- 
rameters. 

+ Aum = luminal area (corrected to that of a perfect circle) (mm°); 
Aint = intimal area (vessel wall segment between the lumen and the IEL) 


3 4 5 
(N = 57) (N = 57) (N = 35) 
12.0 + 1.0 15.3 + 1.6 16.1 + 1.3 
6.6 + 0.40 6.4 + 0.35 8.7 + 0.80 
531 + 35 470 + 29 530 + 30 
0.36 + 0.04 0.28 + 0.03 0.28 + 0.04 
3.3 + 0.30 3.5: £0.25 3.1 + 0.40 


(mm?); Tin = average (circumferential) intimal thickness (mm); R 
= fractional perimeter ratio, defined in text; Amea = medial area (mm7’); 
Group 1: conrol; Group 2: ASA; Group 3: DPM; Group 4: combined 
ASA + DPM; Group 5: EPA and DHA (cod liver oil capsules). 
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57 um in dogs on a normal diet and 125 + 15 um in 
hypercholesterolemic dogs. This marked extent of early 
disease in the allografts is also consistent with older work 
from our laboratory, where intimal thickening averaged 
190 + 35 um in canine autografts and 580 + 69 um in 
allografts in dogs on a normal diet after 90 days.” Thus, 
this experimental model can generate extensive amounts 
of subintimal thickening relatively rapidly and reproduc- 
ibly. 

In this current experiment, neither any of the platelet- 
active drugs nor the CLO significantly improved the pa- 
tency rate of these allografts (Table 1). These observations 
are consistent with earlier work in our laboratory studying 
various antiplatelet treatment regimens in canine veno- 
venous allografts** or canine veno-arterial allo 33 or 
DPM in a qualitative study of CAD in a rat heterotopic 
cardiac transplantation model with Cy-A immuno- 
suppression.® These results underscore the fact that relying 
on patency rate alone in such peripheral veno-arterial al- 
lograft models is not adequate to distinguish accurately 
the effectiveness of various antiplatelet regimens; for ex- 
ample, the patency rate in group 1 (control) was 56% 
+ 9% and ranged from 46% + 10% to 71% + 9% among 
the four treatment groups. This is probably to be expected, 
since patency is a relatively crude barometer of drug ef- 
ficacy and can be influenced by a host of other variables, 
including technical factors. For example, the 90-day pa- 
tency rate of control canine veno-arterial allografts in an 
older experiment in this laboratory was 84% + 6%; treat- 
ment group patency rates ranged 50%-96%.** 

Furthermore, none of the treatment regimens in this 
present experiment significantly altered the qualitative 
histologic (Table 2 and Fig. 2) or the quantitative mor- 
phometric characteristics (Table 3 and Fig. 3) of the dis- 
ease process. This was more disappointing, as we had 
hoped that vessel intimal and medial morphometry would 
serve as a more sensitive reflector of this response to im- 
munologically mediated injury. 

The doses of ASA and DPM used in this study have 
been reported to decrease the rate of early graft thrombosis 
or to reduce intimal thickening or both in human,’> sim- 
ian,!* and canine!’ vascular (veno-arterial) autografts, and 
to improve patency rates in synthetic vascular prostheses. '® 
Hanson and Harker recently demonstrated that DPM, at 
the dose we employed in groups 3 and 4, nearly totally 
interrupted platelet consumption by a thrombogenic sur- 
face in arteriovenous shunts in baboons.!® Indeed, our 
choice of ASA dose (1 mg/Kg/day) was motivated by 
studies demonstrating the salutary differential inhibition 
of endothelial cell prostacyclin production and platelet 
aggregation by ASA at so-called “low doses.” The effi- 
cacy of low-dose ASA, as compared with “conventional” 
doses (on the order of 10-30 mg/Kg/day), has been dem- 
onstrated in clinical trials assessing aortocoronary bypass 
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was relatively thicker than the media in all groups, and there was no 
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areas of the intima and media. SEM = one standard error of the mean; 
Group 1: control; Group 2: ASA; Group 3: DPM; Group 4: combined 
ASA + DPM; Group 5: EPA and DHA (cod liver oil capsules). 


patency.” The CLO dose was chosen to be comparable 
to that known to reduce intimal hyperplasia in canine 
veno-arterial autografts!™!?-!4 and to reduce TxA, pro- 


& 
e \ 
600 \ 
\ 

548 i 
— = —0.90 
0) e@ r 
= an A SEE = 44.7 
~ \ = 0.007 
m 444 ` P 
S rs ` 
5 392 “o, or 
Q ` \ 
U `N e `Y 
T 288 WAS 
r + Ve 

184 \ 

% 
132 4 
0 


0 2 4 6 8 10 12 14 16 18 20 


AREA (intima) (mm2) 


Fic. 4. Plot describing the relationship between platelet count (<107/ 
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best fit line = closed circles); 90% confidence limits = open circles and 
triangles; SEE = standard error of the estimate. 
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duction by platelets.!° The negative observations in this 
current investigation, however, indicate that these doses 
of nonspecific antiplatelet agents were inadequate in sup- 
pressing platelet-mediated subintimal proliferation in re- 
sponse to the apparent severity of the immunologic insult; 
conversely, non-platelet-mediated mechanisms may have 
possibly been involved. Extensive endothelial cell damage 
occurs during the first 3 weeks after veno-arterial allo- 
grafting in dogs; during these early weeks, the stimulus 
for platelet activation, release, and degranulation may be 
overwhelmingly strong***?3°; alternatively, pathways 
mediating the platelet release reaction which are inde- 
pendent of TxA, may predominate given the magnitude 
~ of this early immunologic insult. Such reasoning is con- 
sistent with the recent observations of Galumbeck et al.*° 
that removal of the endothelium of venous and arterial 
vascular allografts in rats resulted in marked inhibition 
of rejection (manifested by graft thrombosis) within 5 days. 
After 90 days, we have shown that re-endothelialization 
is nearly complete in canine vascular allografts*”*? (prob- 
ably due to endothelial cell repopulation by the recipient), 
and these “mature” veno-arterial allografts produce and 
release normal arterial amounts of prostacyclin,’ imply- 
ing a functionally normal arterial flow surface. It is pos- 
sible, therefore, that indefinite fish oil or platelet-active 
drug treatment may become effective late after trans- 
plantation when endothelial integrity has become 
normalized>**? and the intensity of the immunologic in- 
sult has waned”; this hypothesis is germane given the 
chronicity of the disease process in human solid organ 
allografts. Alternatively, the addition of immunosuppres- 
sion (a more clinically analogous approach) may have 
possibly been associated with inhibition of intimal thick- 
ening. This was not the case in a previous rat cardiac 
allograft model investigating accelerated CAD}; moreover, 
effective immunosuppression is likely to retard the rate 
of development of this accelerated microscopic intimal 
thickening such that longer observation times or larger 
number of animals in each group or both would be nec- 
essary to detect a statistically significant difference in al- 
lograft subintimal cellular proliferation or fibrosis or both. 

This work represents the first experimental exploration 
of the effects of fish oils—long-chain, polyunsaturated 
marine lipids (specifically, the omega-3 fatty acids EPA 
and DHA)—on rejection-mediated injury in peripheral 
vascular veno-arterial allografts. Although no beneficial 
effect was found, more detailed studies of the role of pu- 
rified omega-3 fatty acids in modulating intimal hyper- 
plasia appear to be warranted since Casali demonstrated 
reduced intimal thickening in 4-mm Dacron and poly- 
tetrafluoroethylene (PTFE) grafts in dogs treated with fish 
oil,’! Landymore et al. noted significant suppression of 
intimal hyperplasia using cod liver oil (with or without 
ASA and DPM) in canine veno-arterial autografts, '?~'“ 
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and Cahill et al. in our laboratory demonstrated marked 
reduction in intimal thickening in hypercholesterolemic 
canine veno-arterial autografts!’ after treatment with a 
commercial fish oil concentrate (emulsified “Super 
MaxEPA” [Twin Laboratories, Inc., Ronkonkoma, NY] 
that contained 2000 mg of EPA and 1340 mg of DHA). 
In this latter study, this favorable result was associated 
with reduction in TxA, levels but no change in lipopro- 
teins or low-density lipoprotein receptors. '° 

There are also several possible theoretical reasons that 
support omega-3 fatty acid therapy. First, TxA» (the dien- 
oic vasoconstrictor and platelet aggregator) synthesis is 
reduced after omega-3 fatty acid treatment because EPA 
is a poor substrate for cyclo-oxygenase** *°; this may result 
in a less thrombogenic (and possibly atherogenic) mi- 
croenvironment. Confounding this argument, however, 
is the fact that other dienoic prostaglandins, e.g., PGE2, 
have potent inhibitory effects on lymphocyte prolifera- 
tion,” natural killer cell activity,” and interleukin 2 pro- 
duction. The net effect of these two opposing prostanoid 
influences in immune rejection is unknown. Second, 
phospholipid membrane EPA is a preferential lipoxygen- 
ase substrate for leukotriene biosynthesis. Hence, biolog- 
ically inactive LTB; is synthesized, with relatively less 
production of LTB, from arachidonic acid (a promoter 
of vasospasm, platelet aggregation, and leukocyte che- 
motaxis). These alterations may modulate both monocyte 
and polymorphonuclear leukocyte function such that 
atherogenesis is inhibited'??**. however, this hypothesis 
conflicts with the recent observation that LTB, induces 
suppressor lymphocytes.*! There also is some preliminary 
in vivo evidence that omega-3 fatty acids have direct im- 
munomodulatory effects. Prickett?’ and Kelley”® have re- 
ported a reduction of autoimmune nephritis and lym- 
phoid hyperplasia and prolonged survival in two murine 
models of lupus nephritis; these salutary effects were as- 
sociated with the expected omega-3 alterations in pros- 
taglandin, thromboxane, and leukotriene metabolism. 
Finally, Perez and collaborators" reported improved sur- 
vival in rat cardiac allografts given omega-6 (linoleic), 
omega-3 (“MaxEPA” fish oil concentrate), or omega-9 
(oleic) fatty acids after donor-specific transfusion pre- 
treatment; however, the major factor influencing prolon- 
gation of graft survival was donor-specific transfusion. 


‘There was no significant difference in allograft survival 


according to type of fatty acid diet. 

An intriguing alternative explanation for the negative 
findings in this experiment is that the major mitogen or 
mitogens responsible for myointimal cell proliferation 
may not originate exclusively from platelets. It is now 
known that contractile smooth muscle cells lose their dif- 
ferentiated phenotype and proliferate under a variety of 
conditions, of which exposure to platelet-derived growth 
factor (PDGF) is only one. Fox and DiCorletto, for 


Vol. 208 + No. 6 


example, have found that endothelial cell injury stimulates 
secretion of a ‘“PDGF-like protein” even in the absence 
of platelets. Recently, Radic and colleagues demon- 
strated that vascular smooth muscle *H-thymidine incor- 
poration after injury was not inhibited by doses of ASA 
and DPM that reduced platelet azgregation by 90% and 
collagen-stimulated ‘C-labeled serotonin release by 
78%.*° Finally, Clowes et al. showed continued smooth 
muscle cell proliferation despite the presence of an intact 
endothelial layer in PTFE prostheses*’; smooth muscle 
cells removed from the natural vessel wall environment 
entered this proliferative phase in in vitro culture, appar- 
ently in the absence of a mitogen. Thus, chronic immu- 
nologic rejection might activate smooth muscle cells sim- 
ply by altering the intramural microenvironment without 
necessarily relying on endogenous mitogenic stimulation. 

In the present study, several limitations and other fac- 
tors could have possibly obscured the effects of marine 
lipid supplementation. For example, the doses of omega- 
3 fatty acids in the CLO capsules (containing only 20% 
omega-3 fatty acids and high levels of vitamin D) or the 
absorption of the capsules or both could have been in- 
adequate since a more concentrated, liquid preparation 
was not employed. Second, the lack of host-recipient tis- 
sue histocompatibility matching probably resulted in 
variable degrees of rejection, which would explain the wide 
variability in the amount of disease observed and the graft 
occlusion “clustering” phenomenon. Third, as mentioned 
above, these dogs were not immunosuppressed. These 
limitations should be considered in the design of future 
studies, as they can theoretically be controlled. 
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Limb Ischemia-Induced Increase in Permeability Is 
Mediated by Leukocytes and Leukotrienes 





JOSEPH M. KLAUSNER, M.D., IAN S. PATERSON, M.B., F.R.C.S., C. ROBERT VALERI, M.D.,* DAVID SHEPRO, Pu.D.,t 


This study tests the role of white blood cells (WBC) and leu- 
kotrienes in mediating the increased microvascular permeability 
following ischemia and reperfusion. Anesthetized dogs (n = 23) 
underwent 2 hours of hind limb ischemia induced by tourniquet 
inflation to 300 mmHg. In untreated animals (n = 7), tourniquet 
release led after 5 minutes to a rise in plasma thromboxane (Tx) 
B, levels from 360 to 1702 pg/ml (p < 0.05); after 2 hours, 
lymph TxB, concentration had risen fram 412 to 1598 pg/ml (p 
< 0.05). There were decreases in circulating WBC from 11,766 
to 6550/mm° and platelets from 230 to 155 X 10°/mm*. During 
reperfusion, popliteal lymph flow (QL> increased from 0.07 to 
0.24 ml/hour (p < 0.05), while the lymph/plasma (L/P) protein 
ratio was unchanged from 0.39, changes consistent with increased 
microvascular permeability. WBC depletion (n = 7) to 302/mm°* 
by hydroxyurea or nitrogen mustard attentuated (p < 0.05) the 
reperfusion induced rise in plasma TxB, from 91 to 248 pg/ml 
and prevented the increase in lymph Tx8, concentration. Within 
5 minutes of tourniquet release WBC counts further decreased 
to 191/mm’ (p < 0.05) and platelets declined from 175 to 93 
X 10°/mm* (p < 0.05). QL increased from 0.07 to 0.12 ml/hour 
(p < 0.05), lower than untreated animals (p < 0.05), and the L/ 
P protein ratio declined from 0.49 to 0.37 (p < 0.05), dilutional 
changes consistent with increased filtration pressure but not per- 
meability to protein. Pretreatment with the lipoxygenase inhibitor 
diethylcarbamazine (DEC) (n = 8) prevented the reperfusion- 
induced increase in plasma and lymph TxB, levels (p < 0.05) 
and the fall in WBC counts (p < 0.05), while platelet counts 
declined from 381 to 210 X 10°/mm? (p < 0.05). QL rose from 
0.09 to 0.23 ml/hour (p < 0.05) during reperfusion, and the L/ 
F protein ratio of 0.3 remained unchanged, a value lower than 
in untreated dogs (p < 0.05). In two animals of each group, 
vascular recruitment was induced by tourniquet inflation to 50 
mmHg. This led to a high QL of 0.25 ml/hour and a low L/P 
ratio of 0.18. In untreated animals during reperfusion, QL further 
increased to 1.3 ml/hour, and L/P ratio rose to 0.44, documenting 
increased vascular permeability. In contrast, reperfusion in leu- 
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kopenic or diethylcarbamazine (DEC)-treated dogs with vascular 
recruitment, was not associated with increases in QL or the L/ 
P protein ratio. These data indicate that circulating leukocytes 
and leukotrienes mediate the reperfusion-induced injury to the 
vascular barrier. 


common clinical event, occurring with atheroscle- 

rotic occlusive disease, embolism, thrombosis, 
trauma, vascular surgery, and operative procedures of the 
extremities where a tourniquet is used to obtain a bloodless 
surgical field. All of these conditions are associated with 
ischemic periods which may last several hours. Cessation 
of blood flow to the limb leads on reperfusion to edema 
formation.! This may in turn result in a “compartment 
syndrome” and continued ischemia. A previous study has 
demonstrated the role of thromboxane (Tx) A2 generated 
during reperfusion, in mediating the increased limb per- 
meability.’ Platelets have been shown not to be the source 
of TxA, in this setting.’? Since activated leukocytes can 
synthesize TxA,° and are known to be capable of me- 
diating increased microvascular permeability,*” their in- 
volvement in reperfusion injury is possible. That leuko- 
cytes are activated by ischemia and reperfusion is sug- 
gested by their pulmonary entrapment® and associated 
lung injury after limb ischemia.’ However, their local role 
in moderating increased permeability following skeletal 
muscle ischemia is uncertain. It is true that white blood 
cells (WBC) have been implicated as mediators of the 
injuries of myocardial ischemia,® but in contrast to the 
heart where just 30 minutes of coronary occlusion leads 
to myocardial infarction,’ irreversible injury to skeletal 
muscle occurs only after 4-5 hours of ischemia. ° 


I MPAIRED PERFUSION to peripheral tissues is a fairly 
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This study was originally designed to test the role of 
leukocytes in mediating the increased microvascular per- 
meability following 2 hours of limb ischemia. Since we 
have recently shown that limb ischemia-induced lung 
leukosequestration is dependent on the synthesis of leu- 
kotrienes,° the possible role of these eicosanoids in isch- 
emic limb injury was also studied. 


Methods 

Dogs (n = 23) weighing 19-25 kg were anesthetized 
with pentobarbitol, 25 mg/Kg intravenously (I.V.). Sup- 
plementary doses of anesthetics and 0.9% saline were ad- 
ministered through a venous catheter in the forelimb. An- 
other venous catheter, inserted distally into the femoral 
vein, was used for blood sampling. The afferent duct of 
the popliteal lymphatic was cannulated via a vertical in- 
cision in the lateral popliteal space. Afferent lymphatics, 
which characteristically run parallel on both sides of the 


lateral saphenous vein, were identified after intradermal 


injections of 0.1 ml methylene blue dye into the medial 
and lateral aspects of the foot pad. One of these lymphatic 
ducts was cannulated with a 22-gauge cannula. All re- 
maining lymphatics were ligated just before their entry 
into the popliteal lymph node. Lymph free of blood was 
collected for the measure of flow (QL), proteins, and pros- 
tanoids. The collected lymph was shown to drain skeletal 
muscle by noting blue dye within popliteal lymph after 
dye injection directly into muscle whose covering skin 
has been dissected off. 

Circulating platelets and WBC were counted by means 
of phase microscopy. Differential counts were made on 
Wright’s-stained blood smears. Prostanoid and protein 
‘concentrations were measured in blood and lymph sam- 
ples drawn into cooled syringes containing ethylene di- 
amine tetracetic acid (EDTA) and aspirin. They were im- 
mediately centrifuged at 1500 X gat 4 C for 20 minutes, 
the plasma and lymph supernatant separated and stored 
at —20 C until assayed. Plasma and lymph concentrations 
.of TXB, and 6-keto-prostaglandin (PG)F;a, the stable hy- 
drolysis products of TxA, and prostacyclin, were measured 
in duplicate by radioimmunoassay.'! Lymph (L) and 
plasma (P) total protein concentrations were determined 
in duplicate by the spectrophotometric protein dye 
method described by Bradford.'* The L/P protein ratio 
was calculated. 


Experimental Protocol 


After 2 hours of baseline measurernents, the leg was 
elevated to reduce the amount of retained blood and a 
tourniquet applied as high on the thigh as possible and 
inflated to 300 mmHg for 2 hours. The dogs were placed 
on their sides with the experimental limb uppermost. Ex- 
ternal heat was used to stabilize body temperature between 
37 and 38 C. 
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Studies were conducted in untreated ischemic control 
animals (n = &), or animals pretreated with the lipoxy- 
genase inhibitor diethylcarbamazine!? (DEC) (Sigma, St. 
Louis, MO) (n = 8). Since we postulate that leukotrienes 
be released from ischemic tissue, DEC was started 30 
minutes before tourniquet application to achieve an ad- 
equate concentration in the ischemic limb. DEC was in- 
fused at SO mg/Kg over 20 minutes followed by a constant 
infusion of 0.7 mg/Kg/min for the duration of the ex- 
periment. Additional dogs (n = 7) were depleted of cir- 
culating leukocytes either by repeated daily intravenous 
injections of hydroxyurea (Sigma) 220 mm/Kg over 5 to 
6 days before the experiment (n = 4) or by nitrogen mus- 
tard (Sigma) 0.4 mg/Kg I.V., given on the sixth and the 
third day before the study (n = 3). 

In two animals in each of the three study groups, the 
hindlimb cuff was inflated to 50 mmHg during the 2 hours 
before ischemia and the 2 hours of reperfusion. This was 
in addition to the 2 hours of tourniquet inflation to 300 
mmHg. Elevation in venous pressure was used to increase 
and stabilize the hindlimb microvascular surface area in 
order to interpret changes in QL and the L/P protein ratio. 

Results are presented in the text and figures as the mean 
+ standard error. Differences between means were tested 
by an analysis of variance, paired and nonpaired /-tests. 
Significance was accepted if p < 0.05. 

Animals used in this study were maintained in accor- 
dance with the guidelines of the Committee of Animals 
of the Harvard Medical School and those prepared by the 
Committee on Care and Use of Laboratory Animals of 
the Institute of Laboratory Animals Resources, National 
Research Council (DHEW publication No. 78-23, revised, 
1978). 


Results 


After 2 hours of ischemia, tourniquet release led at 5 
minutes to a rise in plasma TxB, levels from 360 + 97 to 
1702 + 560 pg/ml (p < 0.05). Plasma TxB, levels re- 
mained elevated for the 2-hour period of postischemic 
monitoring (Fig. 1). Lymph TxB, concentration in the 
ischemic limb also rose from 412 + 119 to 1598 + 480. 
pg/ml, 2 hours after tourniquet release (p < 0.05) (Fig. 
2). Concentration of 6-keto-PGF;,, in plasma and popliteal 
lymph was unchanged from baseline values of 71 + 16 
and 94 + 23 pg/ml, respectively. Within 5 minutes after 
tourniquet release, circulating WBC (counted in three 
dogs) fell from 11,766 + 3410 to 6550 + 3854/mm? with 
neutrophils declining from 7060 + 2110 to 2096 + 990/ 
mmĉ. Both returned to baseline levels at 2 hours. Platelet 
counts decreased from 230 + 32 to 155 + 60 X 10°/mm? 
and thereafter returned to preischemic levels. During re- 
perfusion, QL rose from 0.07 + 0.04 to 0.24 + 0.05 ml/ 
hour (p < 0.05) (Fig. 3), while the L/P protein ratio was 
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Fic. 1. Reperfusion after 2 hours of ischemia led in untreated dogs to a 
rise in plasma TxB, levels. This rise in TxB, was attentuated in leukopenic 
dogs and prevented in animals pretreated with the lypoxygenase inhibitor 
DEC. The asterisks indicate significance relative to baseline values, while 
the single and double crosses compare the untreated group with leuko- 
penic and DEC-treated animals, respectively. 


unchanged from 0.39 + 0.06 (Fig. 4), suggesting increased 
microvascular permeability. 

The administration of hydroxyurea or nitrogen mustard 
resulted in a total leukocyte count of 302 + 58/mm/? and 
neutrophil count of 201 + 42/mm?’. The platelet count 
was 175 + 45 X 10°/mm*. Compared with untreated con- 
trols, leukopenia attenuated (p < 0.05) the ischemia in- 
duced rise in plasma TxB, from 91 + 37 to 248 + 90 pg/ 
ml (p < 0.05) and prevented the increase in lymph TxB, 
concentration from the baseline value of 520 + 123 pg/ 
ml. Plasma and lymph 6-keto-PGF;, levels were un- 
changed from 57 + 9 and 110 + 17 pg/ml, respectively. 
Within 5 minutes of reperfusion, there were further de- 
creases in WBC counts to 191 + 65/mm? (p < 0.05); 
neutrophil counts to 103 + 22/mm’ (p < 0.05), and plate- 
let counts to 93 + 20 x 10°/mm? (p < 0.05). Although 
QL increased from 0.07 + 0.02 to 0.12 + 0.02 ml/hour 
(p < 0.05), this valué was lower than untreated animals 
(p < 0.05) (Fig. 3). Further, the L/P protein ratio declined 
from 0.49 + 0.06 to 0.37 (p < 0.05) (Fig. 4), suggesting 
that the rise in QL was due to increased filtration pressure 
rather than altered microvascular permeability. 

Compared with untreated control animals, pretreat- 
ment with DEC prevented the reperfusion-induced in- 
creases in plasma and popliteal lymph TxB, levels (p 
< 0.05) (Figs. 1 and 2). Plasma and lymph 6-keto-PGF,, 
were 53 + 1 and 104 + 31 pg/ml, respectively, unchanged 
from the untreated ischemic group of animals. In contrast 
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FIG. 2. Thromboxane (Tx) B, concentration in popliteal lymph collected 
for the 2-hour period after tourniquet release increased in untreated dogs. 
This reperfusion-induced rise in lymph TxB; was prevented in leukopenic 
and DEC-treated animals. The asterisks indicate significance relative to 
baseline values, while the single and double crosses compare leukopenic 
and DEC-treated animals, respectively, with the untreated group. 


to control animals, WBC and neutrophil counts were un- 
changed during reperfusion from baseline values of 7082 
+ 491 and 4712 + 910/mm?, respectively. Platelet counts 
declined from 381 + 115 to 210 + 60 X 10°/mm? (p 
< 0.05). QL rose from 0.09 + 0.03 to 0.23 + 0.05 ml/ 
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Fic, 3. Baseline popliteal lymph flow (Q) was unaltered by leukopenia 
or leukotriene inhibition with DEC. During reperfusion, QL increased 
in all three groups, but this increase was attentuated in leukopenic animals. 
The asterisks indicate significance relative to baseline values and the 
cross between leukopenic and untreated animals. 
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FiG. 4. Lymph/plasma (L/P) protein ratio remained unchanged during 
reperfusion despite the increase in QL, changes associated with imcreased 
permeability to proteins. Reperfusion in leukopenic animals .ed to a 
decline in the L/P protein ratio, consistent with dilutional charges sec- 
ondary to increased filtration pressure. Treatment with DEC led to low 
L/P protein ratio that after ischemia remained lower relative to untreated 
animals. The asterisks indicate significance relative to baseline values, 
and the double cross between DEC-treated and untreated animals. 


hour (p < 0.05) (Fig. 3). The L/P protein ratio was un- 
changed during reperfusion from its low value of 0.30 
+ 0.05, which was below that of untreated control amimals 
(p < 0.05) (Fig. 4). 

Vascular recruitment induced by venous tourniquet led 
in untreated animals after two hours to a QL of 0.25 ml/ 
hour and a low L/P protein ratio of 0.18. During reper- 
fusion, there were increases in QL to 1.32 ml/hour and 
in the L/P protein ratio to 0.44 (Fig. 5), documenting 
increased microvascular permeability to protein. In con- 
trast to these untreated control animals, reperfusion in 
leukopenic and DEC-pretreated dogs under the same 
conditions of vascular recruitment did not induce in- 
creases in QL or the L/P protein ratio (Fig. 5), indicating 
an intact vascular barrier to proteins. 


Discussion 


A primary site of injury after ischemia is the micro- 
vascular barrier. Lymphatic cannulation permits study of 
the microvascular barrier. A change in QL reflects an al- 
teration in the net transcapillary fluid filtration rate, while 
the L/P protein concentration ratio is used to estimate 
the permeability of the vascular barrier to proteir.. An 
increase in QL with an elevated L/P protein ratio docu- 
ments an increased microvascular permeability. Some- 
what less clear is an increase in QL while the L/P protein 
ratio is unchanged. This occurred upon reperfusion of the 
ischemic limb. There was a 3.5-fold increase in popliteal 
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lymph flow and an unchanged L/P protein ratio. These 
findings are consistent with an increased microvascular 
permeability to protein but may also represent an increase 
in vascular surface area due to reperfusion induced re- 
active hyperemia.!* The latter possibility was excluded by 
studying dogs in which stable increases in surface area 
and filtration pressure were achieved by increased venous 
pressure. In this setting, QL rose to approximately four 
times above baseline and the L/P protein ratio fell to a 
value less than half baseline. These are changes consistent 
with dilution and an intact vascular barrier. Reperfusion 
then led to a further increase in QL, but this time the 
L/P protein ratio rose as well, events that could occur 
only with increased microvascular permeability. The in- 
creased permeability does not imply the development of 
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FIG. 5. Vascular recruitment induced by cuff inflation to 50 mmHg 
throughout the experiment led before ischemia to a high QL (compared 
with normal Fig. 3) and a low L/P protein ratio (relative to the L/P 
protein ratio shown at zero time). Reperfusion with a “recruited vas- 
culature” led in untreated animals to a further increase in QL along with 
a rise in the L/P protein ratio, documenting increased vascular perme- 
ability. These reperfusion-induced increases in QL and L/P protein ratio 
were prevented in leukopenic and DEC-treated animals, indicating an 
intact vascular barrier. 
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gross edema. In fact, edema occurs only when the lym- 
phatic capacity to clear the interstitium is exceeded. 
Ischemic injury is mediated by humoral factors in 
plasma as well as cellular elements. Previous work has 
documented the role of TxA2.! Thus, reperfusion after 
limb ischemia is associated with a rise in plasma and pop- 
liteal lymph TxB,. Pretreatment with a Tx synthetase in- 
hibitor prevents this rise and the increased permeability. 
Limb ischemia leads to decreases in circulating platelet 
and leukocyte counts. The former are unlikely to be in- 


- volved in the ischemic injury. Although platelets are a 


rich source of TxA;,!° our data in man and dog indicate 
that platelets are not activated by ischemia to synthetize 
TxA,.!* Further, indium-111-labeled platelets did not 
accumulate in the reperfused limb.'° Finally, in the present 
study in the setting of leukopenia with normal platelet 
counts, the ischemic limb was protected from increased 
permeability. These results indicate that platelets are un- 
likely mediators of permeability. _ 

The present data document the central role of circu- 
lating leukocytes in mediating reperfusion injury. Thus, 


increased microvascular permeability was prevented by © 


leukopenia. Further, the reperfusion-induced rise in 
plasma TxB, was significantly attenuated and there was 
no increase in lymph TxB, in these animals, Suggesting a 
role of WBC in Tx synthesis. 

Several mechanisms whereby leukocytes might lead to 
reperfusion injury are possible. Neutrophils can release 
lysosomal enzymes and oxygen free radicals (ORF). ” 
volvement of the latter toxic agents is indicated by ob- 
servations in canine skeletal muscle that OFR scavengers 
provide protection from ischemic injury.'* Leukocytes can 
also produce and release arachidonic acid derivatives, es- 
pecially leukotriene (LT) B, and TxA2.!” Both of these 
agents have been shown to directly moderate endothelial 
permeability. These eicosanoids can also operate indirectly 
and interact with neutrophils to increase endothelial per- 
Finally, neutrophils can induce capillary 
plugging during ischemia, an event that could prevent full 


- restoration of capillary flow upon reperfusion and there- 


fore lead to continued microvascular ischemia.® This 
plugging phenomenon results from the rheologic prop- 
erties of neutrophils, their stiffness, and large size. During 
reduced flow, such as tourniquet ischemia, the neutrophils 
adhere to the vascular endothelium and occlude capillar- 
ies. Once this occurs, restoration of flow may fail to dis- 
lodge the adherent cells. Further, more neutrophils may 
be entrapped, amplifying the injury. In support of this 
postulate is the direct observation, by intravital micros- 
copy, of leukocyte entrapment in skeletal and myocardial 
capillaries during low flow states.®!° 

Adhesion of WBC to the microvascular endothelium 
may be an important step early in the pathophysiologic 
sequence of events leading to injury. Adhesion may ac- 
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tivate WBC to release their toxic agents. Anoxia itself can 
induce a WBC “respiratory burst” in vitro,” but this does 
not appear to occur in vivo, since the presence of WBC 
in the ischemic tissue is itself insufficient to induce re- 
perfusion injury if WBC adhesive interactions and che- 
motaxis are blocked by monoclonal antibodies directed 
against leukocyte adhesion-promoting molecule, MOI 
(CD 11b/CD18), expressed on the plasma membrane.”! 
Adhesion may be a response to a chemotactic stimulus 
released by the ischemic tissue. Our results indicate that 
this is likely to be a leukotriene. LTB, is known to be a 
potent chemoattractant.”* It is an agent whose concen- 
tration is increased in the venous effluent of an ischemic 
heart.” Lipoxygenase inhibition has been shown to protect 
the ischemic heart”? and in the present experiments the 
ischemic hindlimb. LTB, can be synthesized by WBC, 
tissue macrophages, and mast cells, as well as endothelial 
celis (EC). It is possible that superoxides generated by 
myocytes, EC, or WBC in the ischemic tissue stimulate 
the synthesis of ABs by activating arachidonate oe 
olites.?* 

It is likely that LTB, mediates limb ischemia induced 
increased microvascular permeability. The fact that LTC, 
and LTD, are not chemoattractants” makes them un- 
likely mediators. It also remains possible that LTB, is not 
involved and that DEC provides protection by another 
unknown pathway unrelated to lypoxygenase inhibition, 
such as antioxidant activity. However, both LTB, and the 
peptidoleukotrienes can induce Tx generation and pos- 
sibly by this pathway may cause increased microvascular 
permeability.” The fact that DEC prevents a rise in 
TxB, after ischemia is most likely an indirect effect since 
DEC does not alter blood Tx levels in other experimental 
settings.7>”® Thus, LTB, can stimulate endothelium and 
polymorphonuclear leukocytes (PMN) to synthetize 
Tx.?78 It is likely that DEC by blocking LTB, synthesis 
will prevent the rise in TxB,. LTB, not only stimulates 
TxA, synthesis but also requires this prostanoid as an 
intermediary for its action. For example, LTB, when ap- 
plied to abraded skin or injected subcutaneously leads to 
local generation of Tx and PMN accumulations, events 
that can be prevented with-a Tx synthetase inhibitor.” 

LTB, may increase microvascular permeability by other 
indirect means, such as by recruiting WBC and stimulat- 
ing them to release TxA, oxygen free radical, and lyso- 
somal enzymes. !”22238 LTB, may also affect the barrier 
by enhancing PMN diapedesis through the endothelium.” 
In addition, LTB, may directly affect the vascular barrier. 
Thus LTB, increases the passage of '*°I-albumin through 
an EC monolayer.’ This effect is probably secondary to 
LTB,-induced alterations in EC architecture and cyto- 
skeleton. Thus, LTB, leads to disassembly and disruption 
of cytoskeletal actin microfilaments, changes associated. 
with widening of interendothelial tight junctions and in- 
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creased permeability to protein.” This in vitro observation 
is thought to explain the observation that DEC decreased 
the L/P protein ratio in the ischemic limb relative to un- 
treated animals. This effect of LTB, on EC is mediated 
by TxA:, since Tx inhibition prevents the LTB, induced 
changes in EC cytoskeleton,” further substantiating the 
postulate that TxA, is a central intermediary for expres- 
sion of LTB, identity. 


In summary, the present study provides evidence that 


the damage from tissue ischemia is not solely due to anoxia 
but also to an inflammatory reaction in which WBC, leu- 
kotrienes, and TxA, play roles in mediating increased mi- 
crovascular permeability. 
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Baseline 1-2 5-6 7-8 
Time after Drug (hours) 


A double-blind, placebo-controlled study' above 4.0 at all time points throughout the 
involving eight volunteer hypersecretor subjects. 12-hour period with one 20-mg I.V dose. 


The pH of gastric aspirates was measured hourly 1. Ryan, J.R. et al.: Comparison of effects of oral and 


for 12 hours following single intravenous doses. intravenous famotidine on inhibition of nocturnal gastric acid 
PEPCID I.V maintained the mean gastric pH secretion, Am. J. Med. 81 (Suppl. 4B): 60-64, October 24, 1986. 
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TABLETS 


Pepcid 


(Famotidine/MSD) 


20 mg and 40 mg 





De 


40 mg per 5 mL 


Contraindications: Hypersensitivity to any component. 


Precautions: General: Symptomatic response to therapy does not 
preclude the presence of gastric malignancy. 


Patients with Severe Renal Insufficiency: Longer intervals between 
doses or lower doses may be needed in patients with severe renal 
insufficiency (creatinine clearance <10 mL/min) to adjust for the 
longer elimination half-life of famotidine (see Clinical Pharmacology 
and Dosage and Administration sections of Prescribing Information). 


Information for Patients: The oral suspension should be shaken 
vigorously for 5-10 seconds prior to each use, and unused constituted 
oral suspension should be discarded after 30 days. 


Drug Interactions: No drug interactions have been identified. 
Compounds tested in man include warfarin, theophylline, phenytoin, 
diazepam, aminopyrine, and antipyrine. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: In rats 
and mice given oral doses up to approximately 2500 times the 
recommended human dose for active duodenal ulcer, there was no 
evidence of carcinogenic potential, no evidence of a mutagenic 
effect, and fertility and reproductive performance were not affected. 


Pregnancy: Pregnancy Category B—There are no adequate or 
well-controlled studies in pregnant women. Use during pregnancy 
only if clearly needed. 


Nursing Mothers: It is not known whether famotidine is secreted into 
human milk; however, it is secreted into the milk of lactating rats. 

A decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug 
to the mother. 


Pediatric Use: Safety and effectiveness in children have not been 
established. 


Use in Elderly Patients: No dosage adjustment is required based on 
age but may be necessary in severe renal impairment (see Clinical 
Pharmacology section of Prescribing Information). 


Adverse Reactions: The adverse reactions listed below have been 
reported during domestic and international clinical trials in 
approximately 2500 patients. In the placebo-controlled clinical trials, 
the incidence of adverse experiences with PEPCID Tablets, 40 mg at 
bedtime, was similar to that with placebo. 


Incidence Greater than 1%: The following adverse reactions have 
been reported to occur in more than 1% of patients on therapy with 
PEPCID in controlled clinical trials and may be causally related to the 
drug: headache (4.7%), dizziness (1.3%), constipation (1.2%), and 
diarrhea (1.7%). 


Causal Relationship Unknown: The following other adverse 
reactions have been reported in clinical trials. While a causal 
relationship could not be established for these infrequently reported 
events, causality cannot be excluded. Body as a Whole—Fever, 
asthenia, fatigue. Cardiovascular—Palpitations. Gastrointestinal— 
Nausea, vomiting, abdominal discomfort, anorexia, dry mouth, liver 
enzyme abnormalities. Hematologic—Thrombocytopenia. 
Hypersensitivity—Orbital edema, conjunctival injection. 
Musculoskeleta/—Musculoskeletal pain, arthralgia. Nervous 
System/Psychiatric—Paresthesias; grand mal seizures (single 
report); psychic disturbances including depression, anxiety, 
decreased libido, hallucinations (single report); insomnia; 
somnolence. Respiratory—Bronchospasm. Skin—Alopecia, acne, 
pruritus, rash, dry skin, flushing. Special Senses—Tinnitus, 

taste disorder. 


The adverse reactions reported for PEPCID Tablets may also occur 
with PEPCID Oral Suspension or PEPCID I.V.; in addition, transient 
irritation at the injection site has been observed with PEPCID I.V. 


ORAL SUSPENSION 


cid 


(Famotidine for 
Oral Suspension|MSD) 


Pepcid 1V 
(Famotiaine|MSD) 


20 mg per 2 mL 


Management of Overdosage: There is no experience to date with 
deliberate overdosage. Up to 640 mg/day have been given to patients 
with pathological hypersecretory conditions with no serious adverse 
effects. In the event of overdosage, treatment should be symptomatic 
and supportive. Unabsorbed material should be removed from the 
gastrointestinal tract, the patient should be monitored, and supportive 
therapy should be employed. 
Dosage and Administration: Duodenal Ulcer: The recommended 
adult oral dosage for active duodenal ulcer is 40 mg h.s.; most 
patients heal within 4 weeks, and it is rarely necessary to use the full 
dosage for longer than 6 to 8 weeks. A regimen of 20 mg b.i.d. is also 
effective. For maintenance therapy, the recommended oral dosage is 
20 mg h.s. 
Pathological Hypersecretory Conditions (e.g., Zollinger-Ellison 
Syndrome, Multiple Endocrine Adenomas): The dosage varies 
with the individual patient; the recommended adult oral starting 
dosage is 20 mg q6h, but some patients may require a higher starting 
dosage. Dosages should be adjusted to individual patient needs and 
continued as long as Clinically indicated; up to 160 mg q6h have been 
administered to some patients with severe Zollinger-Ellison 
syndrome. 
Oral Suspension: The Oral Suspension may be substituted for 
Tablets for those patients who cannot swallow tablets. 
Directions for Preparing PEPCID Oral Suspension: Prepare 
suspension at time of dispensing. Slowly add 46 mL Purified Water. 
Shake vigorously for 5-10 seconds immediately after adding the water 
and immediately before use. 
Stability of PEPCID Oral Suspension: Unused constituted oral 
suspension should be discarded after 30 days. 
Intravenous Administration: In some hospitalized patients with 
pathological hypersecretory conditions or intractable ulcers, or in 
patients who are unable to take oral medication, the recommended 
intravenous dosage is 20 mg qi2h. For preparation of solutions for 
injection or infusion and for compatible diluents, please see 
Prescribing Information. Parenteral drug products should be 
inspected visually for particulate matter and discoloration prior to 
administration whenever solution and container permit. 
Concomitant Use of Antacids: Antacids may be given 
concomitantly if needed. 
Dosage Adjustment for Patients with Severe Renal Insufficiency: 
In patients with severe renal insufficiency (creatinine clearance less 
than 10 mL/min), the elimination half-life of famotidine may exceed 
20 hours, reaching approximately 24 hours in anuric patients. Although 
no relationship of adverse effects to high plasma levels has been 
established, to avoid excess accumulation of the drug, the dosage 
may be reduced to 20 mg h.s. or the dosing interval may be prolonged 
to 36 to 48 hours as indicated by the patient's clinical response. 
How Supplied: Tablets, containing 20 mg or 40 mg famotidine, with 
hydroxypropyl cellulose, hydroxypropyl! methylcellulose, iron oxides, 
magnesium stearate, microcrystalline cellulose, starch, talc, and 
titanium dioxide as inactive ingredients, in bottles of 30 and unit-dose 
packages of 100; Oral Suspension, containing per 5 mL after 
constitution with 46 mL Purified Water, 40 mg famotidine, with citric 
acid, flavors, microcrystalline cellulose and carboxymethylcellulose 
sodium, sucrose, and xanthan gum as inactive ingredients, and 
sodium benzoate 0.1%, sodium methylparaben 0.1%, and sodium 
propylparaben 0.02% added as preservatives, in bottles of 400 mg 
famotidine for constitution; Solution for intravenous injection, 
containing 10 mg famotidine per mL, with L-aspartic acid 4 mg, 
mannitol 20 mg, and water for injection q.s. 1 mL as inactive 
ingredients, and benzyl alcohol 0.9% added as preservative to the 
multidose vial, as 10x2-mL single-dose vials and as 4-mL vials. 
MSD 


For more detailed information, consult your 

MSD Representative or see Prescribing Information. RCK 
Merck Sharp & Dohme, Division of Merck & Co., INC., SHAR 
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Lower Torso Ischemia-Induced Lung Injury Is 


Leukocyte Dependent 





JOSEPH M. KLAUSNER, M.D., HAIM ANNER, M.D., IAN S. PATERSON, M.B., F.R.C.S., LESTER KOBZIK, M.D., 
C. ROBERT VALERI, M.D.,* DAVID SHEPRO, PH.D.,t and HERBERT B. HECHTMAN, M.D., F.A.C.S. 





Lower torso ischemia leads on reperfusion to sequestration of 
polymorphonuclear leukocytes (PMN) in the lungs and increased 
permeability. This study tests the role of circulating leukocytes 
(WBC) in mediating this lung injury. Anesthetized sheep pre- 
pared with chronic lung lymph fistulae underwent 2 hours of 
bilateral hind limb tourniquet ischemia. In untreated controls (n 
= 7), 1 minute after reperfusion there were transient increases 
in mean pulmonary arterial pressure (MPAP) from 13 to 38 
mmHg (p < 0.05) and pulmonary microvascular pressure (Pmv) 
from 7 to 18 mmHg (p < 0.05), changes temporally related to 
a rise in plasma thromboxane (Tx) B, levels from 211 to 735 
pg/ml (p < 0.05). Lung lymph TxB, levels rose from 400 to 
1005 pg/ml at 30 minutes (p < 0.05) and remained elevated 
longer than plasma levels. Lung lymph flow (QL) rose from 4.3 
to 8.3 m1/30 minutes (p < 0.05) after 30 minutes of reperfusion 
and remained elevated for 2 hours. The lymph/plasma (L/P) 
protein ratio was unchanged from 0.6, while the lymph protein 
clearance increased from 2.6 to 4.6 ml/30 minutes (p < 0.05), 
suggesting increased microvascular permeability. WBC counts 
decreased within the first hour of reperfusion from 6853 to 3796/ 
mm? (p < 0.05), and lung histology after 2 hours showed pro- 
teinaceous exudates and leukosequestration of 62 PMN/10 high- 
powered fields (HPF), higher than the 22 PMN/10 HPF (p 
< 0.05) in sham animals (n = 3). Recruitment of the pulmonary 
vasculature by left atrial balloon inflation (n = 3) resulted in a 
rise in MPAP to 20 mmHg. After 3 hours of balloon inflation, 
QL stabilized at 9.8 ml/15 minutes, and a pressure-independent 
L/P protein ratio of 0.3 was achieved. During reperfusion, QL 
increased further to 11.2 ml/15 minutes, the L/P ratio rose to 
0.56 and the calculated osmotic reflection coefficient decreased 
from 0.70 to 0.44, documenting an increase in lung microvascular 
permeability. In contrast to these untreated ischemic controls, 
sheep (n = 7) rendered leukopenic with hydroxyurea or nitrogen 
mustard and having a total WBC count of 760/mm’* and PMN 
count of 150/mm’° did not manifest reperfusion-induced increases 
in MPAP, Pmy, QL, lymph protein clearance, or lung lymph 
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TxB, levels (p < 0.05). Plasma TxB, levels rose slightly at 30 
minutes from 199 to 288 pg/ml (p < 0.05). Lung histology was 
normal. These data indicate that WBC mediate the ischemia- 
induced increase in pulmonary microvascular permeability. 


is the accumulation of neutrophils (PMN) in the 

pulmonary capillary bed.’ These inflammatory 
cells are capable of releasing several vasotoxic agents that 
lead to tissue injury.* Such injury is noted in the lungs 
after PMN sequestration induced by bacteremia, endo- 
toxemia, complement activation, or hyperoxia.” That cir- 
culating leukocytes (WBC) have a role in mediating in- 
creased lung permeability after lower torso ischemia is 
suggested by the observation that the injury can be pre- 
vented by pretreatment with the lypoxygenase inhibitor 
diethylcarbamazine (DEC), since this agent also prevents 
lung leukosequestration.'*? However, interpretation of 
these observations is clouded by the possibility that the 
protection provided by DEC could be due to its inhibition 
of leukotriene synthesis. These agents might be of primary 
importance in inducing lung injury and the neutrophils 
secondarily recruited.* 

Pulmonary leukostasis itself is not necessarily an in- 
dication of lung injury.” In addition, several studies doc- 
ument that bacteremic lung injury can occur in leukopenic 
patients and experimental animals.’ This study was de- 
signed to test the role of circulating leukocytes in me- 
diating the lung injury after lower torso ischemia. 


A REMOTE CONSEQUENCE of lower torso ischemia 


762 
Methods 


Female sheep (n = 20) weighing 24-42 Kg underwent 
cannulation of the lung lymphatic according to a modi- 
fication of the technique described by Staub.* Animals 
were anesthetized with intravenous (I.V.) pentobarbital 
sodium 15 mg/Kg, paralyzed with 2 mg pancuronium 
bromide, intubated, and mechanically ventilated with a 
mechanical respirator using room air. Through a right 
posterolateral thoracotomy the efferent duct of the caudal 
mediastinal lymph node was cannulated with a heparin- 
ized silastic catheter (No 602-155, Dow Corning Corp., 
Midland, MI). The distal portion of the lymph node, just 
below the level of the inferior pulmonary ligament, was 
transected and ligated. The diaphragm around the lymph 
node was circumferentially cauterized. In addition, sys- 
temic lymph tributaries to the proximal portion of the 
lymph node were cauterized or ligated to minimize ex- 
trapulmonary contamination of collected lymph. 

A thermistor-tipped pulmonary arterial (Electro-cath 
Corp., Rahway, NJ) and a central venous catheter were 
introduced through the right internal jugular vein. The 
aorta was cannulated via the adjacent carotid artery. 
Chloramphenicol (Parke-Davis, Morris Plains, NJ) 1 g, 
and gentamicin (Elkins-Sinn, Cherry Hill, NJ) 40 mg were 
administered IV twice daily. After a recovery period of 
4-5 days when animals appeared vigorous, were afebrile, 
and had a steady flow of blood-free lymph, the experiment 
was conducted. In three of these sheep, 7 days after lung 
lymph cannulation, a left atrial balloon was inserted via 
a thoracotomy through the left fifth intercostal space. The 
inflated balloon had a capacity of 30 ml and was attached 
to a 16 French silicone elastometer-coated Foley catheter 
(No. S616, AM Pharmasel Co., Valencia, CA). This cath- 
eter was placed in the left atrium along with a smaller 
cannula to monitor pressure. Catheters were exteriorized 
through the chest wall and sewn to the skin. Experiments 
in these sheep were conducted after an additional 4-6- 
day period of recovery. 

Stain-gauge transducers (model D-240, Bently Labo- 
ratories, Inc., Irvine, CA) were used to measure the fol- 
lowing pressures: mean arterial (MAP), mean pulmonary 
arterial (MPAP), pulmonary arterial wedge (PAWP), and 
mean left atrial (LAP). The pulmonary microvascular 
pressure (Pmv) was calculated from the Gaar equation, 
Pmv = PAWP + 0.4 (MPAP — PAWP).’ Pulse rate was 
determined from an arterial pressure trace. Cardiac output 
was measured in triplicate by thermodilation (Model 
5000, Electro-Cath Corp., Rahway, NJ). Blood gases, pH, 
oxygen saturation, and hemoglobin were measured with 
Clark and Severinghaus electrodes and by spectropho- 
tometry with extinction coefficients specific to sheep blood 
(Model 813 and 282, Instrumentation Laboratory, Lex- 
ington, MA). 
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Circulating platelets and white blood cells (WBC) were 
counted by means of phase microscopy. Differential 
counts were made on Wright’s-stained blood smears. 
Plasma and lymph concentrations of thromboxane (Tx) 
B, and 6-keto-prostaglandin (PG)F;,, the stable hydrolysis 
products of TxA, and prostacyclin, were measured in du- 
plicate by radioimmunoassay.'” Blood was drawn into 
cooled syringes containing ethylene diamine tetracetic acid 
(EDTA) and aspirin. The blood was immediately centri- 
fuged at 1500 X g at 4 C for 20 minutes, and the plasma 
was separated and stored at —20 C until assayed. 

Lung lymph was collected at 15- or 30-minute intervals 
in cold graduated tubes containing EDTA and aspirin. 
The lymph was then centrifuged at 1500 X g and 4 C for 
20 minutes and the supernatant separated and stored at 
—20 C until assayed for TxB, and 6-keto-PGF;,. Lymph 
(L) and plasma (P) total protein concentrations were de- 
termined in duplicate by the spectophotometric protein 
dye method described by Bradford.'' The L/P protein 
ratio was calculated and multiplied by lymph flow (QL) 
to obtain the lymph protein clearance. The osmotic re- 
flection coefficient (ôd) for total protein was calculated 
using the minimum L/P protein ratio, achieved at steady 
state during balloon inflation when the LAP was increased 
and the QL was high.'? At this point, the L/P protein ratio 
becomes independent of the filtration rate and approaches 
(1 — 6d).!? 

In order to evaluate the lungs histologically, animals 
were killed with an overdose of pentobarbital and potas- 
sium chloride at the end of the experiment. Gluteralde- 
hyde 2.5% was then instilled into the lungs through an 
endotracheal tube at a pressure of 25 cm H30. After 20 
minutes, the hilum of the left lung was clamped. The lung 
was removed and immersed in glutaraldehyde for 72 hours 
before sampling. All microscopic sections were stained 
with hematoxylin and eosin and were interpreted by a 
pulmonary pathologist (LK) in a blinded fashion. Lung 
sequestration of neutrophils was quantitated by counting 
alveolor septal wall neutrophils in 10 randomly chosen 
high-powered fields (1000 X). Microscopic fields in prox- 
imity to bronchial structures pleura and large vessels were 
excluded. 


Experimental Protocol 


Experiments were conducted in anesthetized sheep, 
placed supine, ventilated with room air at a tidal volume 
of 15 ml/Kg and rate of 12 to 15 cycles/minute, adjusted 
to keep the PaCO, levels between 30 and 35 mmHg. The 
state of anesthesia was maintained with a continuous in- 
fusion of pentobarbital (0.1 mg/Kg/min) and pancuron- 
ium (30 wg/Kg/min). Saline, 7 ml/kg/hour was infused 
throughout the experiment. External heat was used to 
maintain body temperature between 38 C and 39 C. After 
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2 hours of stabilization, baseline measurements were 
taken. Tourniquets were applied as high on both hind- 
limbs as possible and inflated to 300 mmHg. After 2 hours 
of ischemia, the tourniquets were removed and the ani- 
mals monitored for another 2 hours. 

Studies were conducted in untreated ischemic animals 
(n = 10), or in sheep (n = 7) depleted of circulating leu- 
kocytes by hydroxyurea (Sigma, St. Louis, MO) (n = 4) 
220 mg/Kg I.V. daily over 4-6 days before the study, or 
by nitrogen mustard (Sigma) (n = 3), 0.4 mg/Kg I.V. given 
on the sixth and the third day before the study. 

In three untreated sheep, after a baseline period of 1 
hour, the left atrial balloon was inflated to increase LAP 
to 18-20 mmHg. This was designed to maximize and 
stabilize pulmonary vascular surface area in order to in- 
terpret changes in QL and protein clearance. The left atrial 
balloon was kept inflated throughout the experiment. Af- 
ter 1 hour of balloon inflation, the legs were made isch- 
emic. By the time of reperfusion, after 3 hours of increased 
LAP, a steady state of high QL and filtration independent 
L/P protein ratio had been achieved. 

Sham sheep (n = 3) were subjected to 6 hour of anes- 
thesia in a supine position after which they were killed 
and the lungs removed for histologic examination. 

Results are expressed in the text and figures as mean 
+ standard error. Differences between means were tested 
by paired and nonpaired t-test. When multiple compar- 
isons were done, the Bonferroni procedure was applied. '? 
Significance was accepted if p < 0.05. 

Animals used in this study were maintained in accor- 
dance with the guidelines of the Committee of Animals 
of the Harvard Medical School and those prepared by the 
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FIG. 1. In untreated ischemic controls | minute after tourniquet release, 
there was a transient rise in mean pulmonary artery pressure (MPAP). 
This reperfusion-induced pulmonary hypertension was prevented in leu- 
kopenic animals. Asterisks indicate significant difference relative to 
baseline, and crosses indicate significant difference between groups. 
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Fic. 2. During reperfusion lung lymph flow (QL) doubled and remained 
elevated for 2 hours, the lymph/plasma (L/P) protein ratio was un- 
changed, and the lymph protein clearance increased. These changes are 
consistent with an increased permeability to protein and were prevented 
by rendering sheep leukopenic. Asterisks indicate significance relative to 
baseline, and crosses indicate significance between untreated and leu- 
kopenic animals. 


Committee on Care and Use of Laboratory Animals of 
the Institute of Laboratory Animals Resources, National 
Research Council (DHEW publication No. 78-23, revised 
1978). 


Results 


During the 2 hours of tourniquet ischemia, there were 
no alterations in cardiopulmonary function, blood counts, 
or prostanoid levels relative to baseline values. In un- 
treated animals, 1 minute after tourniquet release MPAP 
rose from 13 + 1 to 38 + 4 mmHg (p < 0.05) and returned 
to baseline levels within 30 minutes (Fig. 1). There was 
also a transient rise in Pmv from 7 + 1 to 18 + 2 mmHg 
(p < 0.05). This rise was temporally related to the increase 
in MPAP since PAWP was unchanged from baseline value 
of 4 + 1 mmHg. Also unaffected were blood gases. Sys- 
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FIG. 3. After 2 hours of bilateral hind limb ischemia, tourniquet release 
led to an immediate rise in plasma TxB, levels. Lung lymph TxB, levels 
also increased and remained elevated for a longer period than in plasma. 
In leukopenic sheep plasma TxB, levels rose slightly 30 minutes after 
reperfusion. There was no increase in TxB, concentration in lung lymph. 
Asterisks indicate significance relative to baseline, and crosses indicate 
significance between untreated and leukopenic animals. 
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Fic. 4. Upon reperfusion, leukocyte (WBC) counts fell and thereafter 
returned to preischemic values. Pretreatment with hydroxyurea or ni- 
trogen mustard led to baseline leukopenia. In leukopenic animals, WBC 
declined further during reperfusion. Asterisks indicate significance relative 
to baseline, and crosses indicate significance between untreated and leu- 
kopenic animals. 
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temic arterial pressure and cardiac output tended to de- 
cline within 5 minutes of reperfusion, but this was not 
statistically significant. 

Lung QL increased from a baseline value of 4.3 + 0.6 
to 8.3 + 1.8 ml/30 minute (p < 0.05) 30 minutes after 
tourniquet release and remained elevated during the 2 
hours of reperfusion (Fig. 2). The L/P protein ratio was 
unchanged from 0.6 + 0.03, and the lymph protein clear- 
ance increased from 2.6 + 0.4 to 4.6 + 0.8 ml/30 minutes 
(p < 0.05) (Fig. 2). Plasma TxB; levels rose from 211 + 21 
to 735 + 112 pg/ml (p < 0.05) at 2 minutes of reperfusion 
and returned to baseline levels at 30 minutes (Fig. 3). 
Lung lymph TxB; levels rose from 406 + 41 to 1005 + 530 
pg/ml (p < 0.05) and remained elevated for a more pro- 
longed period than plasma levels (Fig. 3). Plasma and 
lymph 6-keto-PGF,,, levels were unchanged during isch- 
emia and reperfusion from baseline values of 15 + 8 and 
89 + 54 pg/ml, respectively. 

The circulating WBC count fell during reperfusion in 
each animal. The average decline during the first hour of 
reperfusion was from a baseline value of 6853 + 1149 to 
3796 + 874/mm? (p < 0.01) (Fig. 4). After the second 
hour, WBC had returned to 6583 + 1749/mm’. Platelet 
counts were unchanged by ischemia and reperfusion from 
their baseline value of 305 + 106 X 10°/mm?. Histologic 
examination of the lungs revealed accummulations of 
polymorphonuclear leukocytes (PMN) within alveolar 
capillaries throughout the lung parenchyma (Figs. 5A- 
C). Foci of proteinaceous exudate were present within 
alveolar spaces. Neither platelet nor thrombin microag- 
gregates were seen. 

Quantitative PMN counts showed 62 + 3 PMN/10 
high-powered fields (HPF) in dependent and 37 + 8 PMN/ 
10 HPF in nondependent lung regions, both values sig- 
nificantly higher than 22 + 3 PMN/10 HPF (p < 0.05) 
in dependent and 16 + 2 PMN/10 HPF (p < 0.05) in 
nondependent regions of sham animals. 

Left atrial balloon inflation in three ischemic sheep led 
to an increase in MPAP from 12 + 1 to 20 + 2 mmHg. 
Two minutes after tourniquet release, there was a further 
and transient increase in MPAP to 35 + 3 mmHg. With 
balloon inflation, there was a progressive rise in QL and 
fall in the L/P protein ratio (Table 1; Fig. 6). Thirty min- 
utes before tourniquet release, QL had stabilized at a high 
flow of 9.8 + 2.3 ml/15 minutes, while the L/P protein 
ratio had decreased from 0.70 + 0.01 to 0.30 + 0.01. The 
calculated ôd was 0.72 + 0.02. With reperfusion, QL in- 
creased further, and 90 minutes after tourniquet release, 
it was 11.2 + 3.6 ml/15 minutes. At the same time, the 
L/P protein ratio increased to 0.56 + 0.02, while ôd de- 
creased to 0.44 + 0.02 (Table 1). These data indicate an 
increase in pulmonary microvascular permeability. 

The administration of hydroxyurea or nitrogen mustard 
resulted in a total leukocyte count of 760 + 111/mm/? and 
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Fics. 5A-C. Relative to the normal lungs of sham animals (A) poly- 
morphonuclear leukocytes (PMN) were sequestered in alveolar capillaries 
after 2 hours of limb ischemia and reperfusion (B). Lung sections of 
leukopenic animals appeared normal except for the complete absence 
of PMN (C). 


neutrophil count of 150 + 80/mm°. The platelet count 
was 351 + 49 X 10°/mm’, unchanged from normal ani- 
mals. Baseline cardiopulmonary function and prostanoid 
levels were not significantly different in leukopenic sheep 
relative to ischemic control animals. Leukopenia pre- 
vented the reperfusion-induced increases in MPAP (p 
< 0.05), Pmv (p < 0.05), QL (p < 0.05), and lymph pro- 
tein clearance (p < 0.05) (Figs. 1 and 2). Since the L/P 
protein ratio was also unchanged from 0.64 + 0.05, these 
data indicate that the vascular barrier in leukopenic an- 
imals was unaltered by ischemia and reperfusion. Leu- 
kopenia also prevented a rise in plasma TxB, levels during 
the first 15 minutes of reperfusion from baseline levels of 
119 + 59 pg/ml, but at 30 minutes levels increased to 288 
+ 49 pg/ml (p < 0.05) (Fig. 3). The rise in lung lymph 
TxB, levels was prevented (p < 0.05) (Fig. 3). Further, 
plasma and lymph 6-keto-PGF;,, concentrations were un- 
changed from baseline levels of 15 + 10 and 132 + 65, 
respectively. The already low circulating WBC counts de- 
creased even further within the first hour of reperfusion 
to 360 + 48/mm? (p < 0.05) (Fig. 4), while platelet counts 
were unchanged from baseline values. Lung histology was 
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normal save for the absence of neutrophils in alveolar 
capillaries (Fig. 5). There was no difference in the patho- 
physiologic response to ischemia and reperfusion between 
animals rendered leukopenic by hydroxyurea or nitrogen 
mustard. 


TABLE 1. Effects of Left Atrial Balloon Inflation on Lung Lymph 
Dynamics Before and After Ischemia 


Time of Balloon Inflation 


4" hours 
3 hours (1% hours 
(before after 
Before reperfusion) ischemia) 
LAP (mmHg) Si 20 + 1 20 +2 
MPAP (mmHg) 12+1 20 +2 242 
QL (ml/15 min) 2.3 + 0.5 9.8 + 2.3 11.2 + 3.6 
L/P 0.70 + 0.0 0.30 + 0.01 0.56 + 0.02 
ôd — 0.70 + 0.02 0.44 + 0.02 


Values are mean + standard error, LAP is left atrial pressure, MPAP 
is mean pulmonary artery pressure, QL is lung lymph flow, L/P is lymph 
plasma protein ratio, 6d is the osmotic reflection coefficient. 
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FIG. 6. In a typical experiment, left atrial balloon inflation led to an 
increase in QL and decrease in the L/P protein ratio. After 3 hours, a 
new steady state of high QL and a pressure-independent L/P ratio was 
achieved. Reperfusion then led to a further increase in QL. The simul- 


taneous increase in the L/P protein ratio documents increased micro- 
vascular permeability to protein. 


Discussion 


Reperfusion after a 2-hour period of bilateral lower 
torso ischemia led to lung injury manifest by pulmonary 
hypertension and increased microvascular permeability. 
These changes were associated with TxA, generation, a 
decline in circulating leukocytes, and their entrapment in 
the lungs. 

The increase in lung vascular permeability is suggested 
by a twofold increase in QL with an unchanged L/P pro- 
tein ratio. Thus, lymph protein clearance increased in 
proportion to the increase in QL. However, interpretation 
of such lymph data is confounded by the possibility that 
the rise in QL is due to an increase in lung vascular surface 
area, a phenomenon related to recruitment of vessels sec- 
ondary to increased hydrostatic pressure.'* This interpre- 
tation was excluded by using control sheep in which stable 
increases in surface area and MPAP were achieved by 
inflation of a left atrial balloon. During the 3 hours of 
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balloon inflation before reperfusion, the L/P protein ratio 
decreased while QL increased. Both eventually plateaued 
with QL four times baseline and an L/P protein ratio of 
0.3. This L/P ratio is considered filtration pressure inde- 
pendent.'*!* In this setting, reperfusion led to a further 
increase in QL. Further, the accompanying L/P protein 
ratio increased while the 6d decreased, documenting in- 
creased lung microvascular permeability. !™!4 

Earlier studies were interpreted as showing that platelet 
aggregates from the ischemic tissue embolized to the lungs 
and mediated the ischemia induced lung injury.!? How- 
ever, recent histologic and '''I-labeled platelet data indi- 
cate that these cells do not accumulate in the lungs after 
lower torso ischemia.':!® Further, platelets are not the 
source of TxA, in the ischemic setting.'’ Finally, hy- 
droxyurea and nitrogen mustard protect the lungs despite 
the fact that these agents do not deplete platelets. These 
considerations indicate that platelets do not have a role 
in mediating ischemia-induced lung injury. 

On the other hand, the protective effect of leukopenia 
indicates that these cells play a central role in inducing 
lung injury after remote ischemia. The possibility that 
hydroxyurea provides protection by a direct action on the 
vascular barrier’ rather than its leukopenic effect is un- 
likely. The short plasma half-life of hydroxyurea, less than 
| hour, excludes the possibility that the drug was circu- 
lating during ischemia since the last dose had been given 
24 hours before the experiment. Further, in other WBC- 
dependent lung injuries, neither hydroxyurea!’ nor nitro- 
gen mustard” provided protection if neutrophils were not 
sufficiently depleted. Finally, nitrogen mustard, a drug 
structurally dissimilar from hydroxyurea, provides the 
same protection to the vascular barrier, again casting 
doubt on a local action of these drugs. Nevertheless, the 
effects of these chemotherapeutic agents on resident lung 
cells such as macrophages and mast cells are unknown 
and may be of some protective importance in addition 
to their action on circulating WBC. 

The current data indicate that WBC are directly or in- 
directly the source of TxA; in the ischemic setting. WBC 
are a potential source of TxA>.”! However, thromboxanes 
may not be generated by WBC themselves but may be a 
consequence of WBC interaction with the lungs, stimu- 
lating extravascular cells such as pulmonary macrophages 
and mast cells to synthesize TxA. The slight although 
significant increase in plasma TxB, during reperfusion in 
leukopenic sheep is probably due to an incomplete de- 
pletion of WBC. Activation of the residual WBC is in- 
dicated by their decline after tourniquet release. However, 
the limited number of cells that could lead to release of 
vasotoxic agents was insufficient to lead to lung injury. 

Neutrophils have several potent mechanisms to induce 
tissue injury. They can release lysosomal enzymes and 
oxygen-derived free radicals (OFR).* Involvement of the 
latter agents is suggested by the protective effect of OFR 
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scavengers such as superoxide dismutase and catalase 
(unpublished observation). Neutrophils can also produce 
and release arachidonic acid derivatives, especially leu- 
kotriene (LT) B4 and TxA,.””! The WBC-TxA, inter- 
action is of special importance. TxA, has been shown to 
be an essential mediator of reperfusion injury.'*?* Thus, 
pretreatment with a Tx synthetase inhibitor prevented re- 
perfusion pulmonary hypertension increase in perme- 
ability as well as lung leukosequestration. 

Thromboxane A, can act directly on the endothelial 
cell (EC) cytoskeleton, leading to actin microfilament dis- 
assembly, widening of interendothelial tight junctions, and 
increased permeability.” In addition, TxA, can act in- 
directly by promoting neutrophil adhension™ and en- 
hancing PMN diapedesis through EC monolayers.” These 
events can result in decreased barrier function. 

We hypothesize that WBC contained in the limbs dur- 
ing ischemia are involved in the cascade of events that 
eventuates in the synthesis of a chemoattractant that is 
released into the systemic circulation during reperfusion, 
leading to lung leukosequestration and injury. Secondary 
to their rheologic properties, WBC contained in the isch- 
emic tissue exhibit enhanced adherence, which may by 
itself activate them to release chemoattractants such as 
LTB,.”°?? In addition, superoxides and other OFR can 
be generated as a consequence of ischemia in myocytes, 
endothelial cells, and macrophages as well as WBC.”8 
These OFR can in turn activate the arachidonic acid 
cascade”? in adjacent cells leading to the synthesis of agents 
such as LTB, and TxA; that are themselves vasotoxic and 
can also recruit more WBC to the ischemic site. This may 
amplify the local injury. Upon reperfusion, sufficient che- 
moattractants such as LTB, may be released into the cir- 
culation, causing lung leukosequestration and injury.” 
LTB, and TxA, are most likely the chemoattractants me- 
diating this injury since their blockade with a lipoxygenase 
or Tx synthetase inhibitor prevents not only the lung in- 
jury after ischemia but also the entrapment of neutrophils 
in pulmonary capillaries. 31627 

In summary, these findings indicate that the lung injury 
after a remote ischemic event is mediated by leukocytes. 
Secondly, these cellular elements are involved in TxA, 
synthesis, an agent also intimately involved with lung in- 


jury. 
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In Vitro Cell-Mediated Immunity after Thermal 


Injury Is not Impaired 


Density Gradient Purification of Mononuclear Cells Is Associated 
with Spurious (Artifactual) Immunosuppression 





DAZHONG XU, M.D., EDWIN A. DEITCH, M.D., KEVIN SITTIG, M.D., LU QI, M.D., and JOHN C. MCDONALD, M.D. 





Mononuclear cells isolated by density gradient centrifugation 
from the peripheral blood of burn patients, but not healthy vol- 
unteers, are contaminated with large numbers of nonmononuclear 
cells. These contaminating leukocytes could cause artifactual 
alterations in standard in vitro tests of lymphocyte function. Thus, 
we compared the in vitro blastogenic response of density gradient 
purified leukocytes and T-cell purified lymphocytes from 13 burn 
patients to mitogenic (PHA) and antigenic stimuli. The mitogenic 
and antigenic response of the patients’ density gradient purified 
leukocytes were impaired compared to healthy volunteers (p 
< 0.01). However, when the contaminating nonlymphocytes were 
removed, the patients’ cells responded normally to both stimuli. 
Thus, density gradient purified mononuclear cells from burn pa- 
tients are contaminated by leukocytes that are not phenotypically 
or functionally lymphocytes. Since the lymphocytes from burn 
patients respond normally to PHA and alloantigens after the 
contaminating nonlymphocyte cell population has been removed, 
it appears that in vitro assays of lymphocyte function using den- 
sity gradient purified leukocytes may give spurious results. 


HORTLY AFTER it was first recognized that allo- 

geneic and xenogenic skin grafts survive for pro- 

longed periods in burn victims,’ it was postulated 
that impaired cell-mediated immunity might predispose 
these patients to septic complications. Over the past de- 
cade, using increasingly sophisticated in vitro technology, 
investigators have attempted to define and understand 
the mechanisms responsible for acquired immune defects 
documented after thermal injury. Humoral suppressive 
factors”? increased suppressor T-cell activity,*~° decreased 
helper T-cell activity,’ altered cytokine production,” and 
failure of interleukin-2 (IL-2) production and receptor 
expression?’ have all been proposed as reasons why cell- 
mediated immunity is impaired after thermal injury. In 
contrast, other investigators have not found evidence of 
impaired cell-mediated immunity in vitro.'! Thus, despite 
an intensive investigative effort, confusion and contro- 
versy continue. ` 
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We have recently reported that mononuclear cells iso- 
lated by density gradient centrifugation from the periph- 
eral blood of burn victims, but not healthy volunteers, 
are contaminated with large numbers of metabolically ac- 
tive cells that are not functionally or phenotypically lym- 
phocytes.!? Knowledge of whether these activated leu- 
kocytes alter the response of mature lymphocytes in vitro 
or modify the immune response in vivo may be important. 
Furthermore, since these activated leukocytes sponta- 
neously take up thymidine but do not respond to phy- 
tohemagglutinin (PHA),!”!? the presence of large numbers 
of these contaminating leukocytes could potentially cause 
artifactual alterations in the results of standard in vitro 
tests of lymphocyte function. In fact, since most of the 
studies on lymphocyte function reported to date use den- 
sity gradient seperation techniques to obtain their mono- 
nuclear cell population, it is unknown whether the results 
of these in vitro tests can be extrapolated to the in vivo 
state. Thus, in order to determine whether the lymphocyte 
response of the burn patient is truly different from that 
of healthy controls, it is necessary to document that similar 
populations of cells are being compared. The purpose of 
the current study was to determine whether these non-T- 
cells alter the lymphocyte response of burn patients to 


“mitogenic and antigenic stimuli. 


Materials and Methods 


Patient Population 


Thirteen patients, eight men and five women, were 
studied. The mean age of these patients was 32 + 13 years, 
and the mean total body surface area burn size was 32% 
+ 17%, with a third-degree component of 12% + 11%. 
One patient died, for a mortality rate of 8%. In order to 
determine the influence of thermal injury on cell function 
in the abscence of sepsis, blood samples were not obtained 
from patients while they were septic. Similarly, since sur- 
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gery and anesthesia may influence cell function, blood 
samples were not collected until at least 48 hours after 
the operation. ) 

All patients were treated with a standard therapeutic 
regimen, which was modified according to the clinical 
response of each patient. The protocol consisted of fluid 
resuscitation based on the Parkland Formula, topical an- 
timicrobial agent administration consisting of sulfadiazine 
silver or mafenide acetate or both, plus nutritional support 
‘based on the patient’s estimated caloric requirements. 
Nutritional support was primarily by the enteral route, 
although peripheral and central hyperalimentation was 
used when enteral alimentation alone was not sufficient. 
Prophylactic antibiotics were not used routinely except 
in the immediate perioperative period, with one dose ad- 
ministered before and one dose after the operation. All 
deep partial- and full-thickness burns were excised and 
grafted as soon as the patients were hemodynamically sta- 
ble. The initial operation was usually performed by the 
fifth postburn day. 


Cell Preparations 


Fifteen milliliters of blood were drawn from the patients 
at various times postburn and anticoagulated with either 
heparin or ethylenediaminetetracetic acid (EDTA), The 
blood was layered over a ficoll-hypaque gradient and cen- 
trifuged at 400 X g for 30 minutes.'* The mononuclear 
layer was removed and adjusted to a concentration of 4 
X 10° cells/ml in a 20% solution of heat-inactivated hu- 
man AB serum in minimal essential medium (MEM) to 
which penicillin (10,000 units/ml) and streptomycin 
(10,000 ug/ml) had been added. Viability was tested by 
eosin red dye and was greater than 95%. Mononuclear 
cells obtained from healthy adult volunteers were pro- 
cessed in the same fashion and served as daily control 
cells. 


Spontaneous Blastogenic Transformation (SBT) Assay” 


An aliquot (50 yl) of the control or patient mononuclear 
cell suspension containing 2 X 10° cells was placed into 
individual wells of microtiter plates. The cell cultures were 
immediately pulsed with 1 „Ci of tritiated thymidine and 
incubated for 15 hours at 37 C in a 5% CO, environment. 
The cell cultures were then harvested with a Cook cell 
harvester, precipitated, washed, and the incorporated ra- 
dioactivity determined with a scintillation counter and 
recorded as counts per minute (cpm). All assays were per- 
formed in triplicate, and the results were averaged. 


Lymphocyte (Mitogen) Blastogenic Assay"? 


Aliquots of the mononuclear cell preparation contain- 
ing 2 X 10° cells were placed into wells of a microtiter 
plate. The cells were incubated with 0 or 5 yg per well of 
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the mitogen PHA at 37 C in 5% CO,. On the third day, 
the cell cultures were pulsed with 1 aCi of tritiated thy- 
midine and incubated an additional 18 hours. The cells 
were harvested as described for the SBT. All assays were 
performed in triplicate and the results averaged. 


Mixed Lymphocyte Culture Assay” 


Aliquots of the control and patient’s mononuclear cell 
preperation were divided into responding and stimulating 
cell populations. The stimulator cells were incubated with 
mitomycin (25 ug per 2 X 10° cells) for 30 min at 37 C. 
After the incubation was completed, the mitomycin- 
treated cells were washed three times and resuspended in 
MEM containing 20% human AB serum. In the allogeneic 
mixed lymphocyte cultures, allogeneic stimulating cells 
were used, while in the autologous mixed lymphocyte 
culture assay, autologous stimulating cells were used. Each 
culture contained 2 X 10° responding and 2 X 10° stim- 
ulating cells per well. The cells were cultured for 5 days 
at 37 C in 5% CO2. On the fifth day, 1 aCi of tritiated 
thymidine was added to each well, and 18 hours later, the 
cells were harvested and thymidine incorporation deter- 
mined. All assays were performed in triplicate and the 
results averaged. 


Isolation of Rosetting and Nonrosetting Cells!” 


Ficoll-hypaque isolated leukocytes adjusted to a final 
concentration of 2 X 10° cells/ml were incubated with an 
equal volume of 1% AET-treated sheep red blood cells 
(S-RBCs) at 37 C for 15 minutes. The AET-treated 
S-RBCs were produced by incubated washed S-RBCs (0.5 
ml) with 2 mi of 0.143 M AET (2-S-aminoethylisothiou- 
ronium bromide hydrobromide) (Sigma Chemical Co., 
St. Louis, MO) at a pH of 9. After incubation (15 minutes 
at 37 C), the S-RBCs were washed and adjusted to a final 
concentration of 1% in Roswell Park Media (RPMIJ)-1640 
containing 10% heat-inactivated fetal calf serum. The 
leukocyte/S-RBC mixture was then centrifuged at 200 
Xx g for 5 minutes and the pelleted cells incubated for 45 
minutes at 4 C. To seperate the rosetting from nonresetting 
cells, the leukocyte/S-RBC suspension was layered over 
5 ml of ficoll-hypaque and centrifuged at 400 X g for 30 
minutes. The nonrosetting cells were removed from the 
ficoll-hypaque interface and washed twice with media and 
resuspended to a final concentration of 4 X 10° cells/ml 
in MEM containing 20% heat-inactivated human AB 
serum. The rosetting cells, which sedimented to the bot- 
tom of the ficoll-hypaque preperation, were collected and 
the S-RBCs lysed with distilled water. The rosetting cells 
were then washed twice with media and resuspended in 
MEM containing 20% heat-inactivated human AB serum 
at a final concentration of 4 X 10° cells/ml. 


` 
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TABLE 1. The Levels of Spontaneous (SBT) and Mitogen-Stimulated (PHA) Blastogenesis Is Different Between Burn Patients 
and Controls (All Postburn Days Combined) 





~ 





SBT (DPM) PHA Stimulated (DPM) 
Unfractionated Unfractionated 
Ficoll- Nonrosette-forming S-RBC Rosette- Ficoll- Nonrosette-forming S-RBC Rosette- 

Group N Hypaque Cells forming Cells N Hypaque Cells forming Cells 
Control 65 407 +17 307 + 36* 336 + 16* 60 77,038 + 3,613 29,438 + 2,091F 76,790 + 4,478 
Patient 65 9,141 + 1,093 12,320 + 1,579* 3,050 + 355* 60 55,689 + 6,395 6,744 + 1,832T 84,012 + 5,670} 
p (ANOVA) <0.01 <0.01 <0.01 <0.01 <0.05 NS§ 

All values expressed as mean + SEM. tions. 


* p < 0.05 versus ficoll-hypaque whole cell population. 
tp < 0.01 versus ficoll-hypaque whole cell and rosetted cell popula- 


Flow Cytometric Analysis 


Ficoll-hypaque and or S-RBC purified mononuclear 
leukocyte populations were incubated with monoclonal 
antibodies for 30 minutes at 4 C. The cells were then 
washed twice and reacted with purified, fluorescein-labeled 
anti-mouse IgG. The fluorescein-labeled cells were ana- 
lyzed on an Epics C flow cytometer (Coulter Electronics, 
Hialeah, FL) equiped with a 2-watt argon laser. The argon 
laser was set on the 488-nm line and run at 500 mW. 
Calibration was performed using fluorescent 10-um poly- 
styrene beads (Coulter Electronics). For each sample, a 
minimum of 5000 cells was analyzed, and the number of 
cells labeled by monoclonal antibodies specific for pan- 
T-lymphocytes (OKT3) was determined. Nonspecific 
monoclonal antibody binding was determined by running 
a negative control with mouse IgG. Forward angle light 
scatter (FALS) and log 90-degree light scatter (L9OLS) 
were used to identify and gate on specific leukocyte pop- 
ulations. 


Statistics 


Comparisons between multiple groups were made by 
analysis of variance. A two-tailed Student’s t-test was used 
to compare two groups, when appropriate. 


Results | 


The rate of spontaneous uptake of *H-thymidine by 
ficoll-hypaque purified leukocytes was significantly higher 
in the leukocytes isolated from burn patients than from 
healthy controls. In contrast, the level of mitogen-stim- 
ulated *H-thymidine uptake by the patients’ leukocytes 
was reduced (Table 1). The decrease in mitogen-stimu- 
lated blastogenesis observed in the ficoll-hypaque purified 
leukocytes from the burn patients may be an artifact, since 
ficoll-hypaque purified cells from burn patients are con- 
taminated with large numbers of immature nonlymphoid 
cells that do not respond to lymphocyte-dependent stim- 


uli, such as the mitogen PHA. Thus, the ficoll-hypaque 


tp < 0.01 versus ficoll-hypaque whole cell population, 
§ NS = not significant. 


purified cells were separated into T-cell enriched and 
T-cell poor populations by S-RBC rosetting and the SBT 
and mitogen response of each cell population determined 
(Table 1). The leukocytes from the controls that formed 
S-RBC rosettes (T-cell enriched) responded to PHA in a 
similar fashion to the unfractionated ficoll-hypaque cell 
population, although the SBT of the rosetted cells de- 
creased (Table 1). Both the SBT and mitogen response of 
the nonrosetting (T-cell poor) fraction of the control cells 
was less than the unfractionated, whole cell population. 
The pattern found when the patients cells were separated 
into T-cell rich and poor fractions differed from the con- 
trol cells in a number of ways. The nonrosetting patient 
cells had the highest levels of SBT activity and the lowest 
blastogenic response to PHA, while the rosetted cells re- 
sponded best to PHA and had the lowest SBT levels. The 
patients’ T-cell rich fraction responded normally to PHA, 
indicating that the impaired mitogenic response of the 
unfractionated ficoll-hypaque whole cell population may 
not be due to impaired lymphocyte function but instead 
may be due to decreased lymphocyte numbers. 

Since lymphocyte function may change during the . 
hospital course, the results reported in Table 1 were an- 
alyzed according to the day postburn the cells were tested. 
The SBT of the patients’ unfractionated ficoll-hypaque 
purified cells were higher than the control cells at all times 
postburn (Table 2). Just as shown in Table 1, the majority 
of the cells that spontaneously took up *H-thymidine were 
in the fraction of cells that did not bind to S-RBCs and 
thus appear to be functionally non-T cells. Although the 
SBT of the S-RBC rosetting patient cells were only 20- 
30% of the SBT of the nonrosetted cells, the levels of 
spontaneous *H-thymidine uptake of the patients’ rosetted 
cells were significantly higher than control rosetted cells 
from the fourth postburn day on. These results suggest 
that both T cells and non-T cells are activated postburn, 
even in the absence of sepsis. 

The mitogen response of the patients’ unfractionated 
ficoll-hypaque purified cells was significantly depressed 
for the first 2 weeks postburn, then returned to normal 
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TABLE 2. Comparison Between SBT of Patient Versus Control Leukocyte Populations According to Postburn Day 








Postburn Day 
1-3 4-7 8-14 15-21 22-28 29 On 

Unfractionated Ficoll-Hypaque cells 

Control 395 + 36 372 + 53 434 + 45 391 + 26 394 + 26 472 + 66 

Patient 1,523 + 443 10,480 + 3,494 15,205 + 2,323 5,78441,441 10,913 + 3,183 9,325 + 1,649 

p (ANOVA) <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 
Nonrosette-forming cells . 

Control 255 + 41 253 + 44 292 + 38 407 + 163 284 + 33 349 + 70 

Patient 1,732 +652 12,586+4,026 20,286 + 3,687 9,251 +2,671 1683144889 9,932 +%,384 

p (ANOVA) <0.05 <0,01 <0.01 <0.01 <0.01 <0.01 
S-RBC rosette-forming cells 

Control 305 + 40 241 + 20 348 + 30 359 + 32 364 + 47 430 + 70 

Patient 817 + 277 3,400 + 1,144 4,123 + 789 2,589 + 594 3,811 41,119 3,556 + 792 

p (ANOVA) <0.08 <0.05 <0.01 <0.01 <0.05 <0.01 





All values expressed as mean + SEM. 


(Table 3). However, the mitogen response of the S-RBC 
rosetting fraction was normal at all times postburn, in- 
dicating that after thermal injurv the decreased PHA re- 
sponse may not be due to impaired T-cell function, but 
instead due to the presence of large numbers of nonlym- 
phoid cells contaminating the ficoll-hypaque preparation. 

The rosetting procedure did not appear to activate the 
control mononuclear cells, since the mitogenic response 
of the unfractionated ficoll-hypaque and S-RBC rosetted 
cells were similar. In contrast, the patients’ rosetted lym- 
phocytes had a significantly higher mitogen-stimulated 
blastogenic response than their unfractionated cells on 
days 1-3 and 8-14 postburn, a time when the mitogen 
response of the unfractionated cells was depressed. On 
the other hand, from postburn day 15 on, when the mi- 
togenic response of the unfractionated cells had returned 
to normal, there was no difference between the mitogen 
response of the rosetted and unfractionated patient cell 
populations (Table 3). Similar results were documented 


when the stimulation indexes of the patient and control 
unfractionated, S-RBC rosetted, and nonrosetted cells 
were compared (data not shown). 

The rosetting technique did not appear to totally se- 
perate cells into mitogen responsive and unresponsive 
groups, since the nonrosetting cell fraction in the controls 
had significant levels of *>H-thymidine uptake after mi- 
togen stimulation (Table 3). Even so, the nonrosetting 
patient cells did not respond to PHA as well as the control 
nonrosetting cells. Since the patients cells that formed 
S-RBC rosettes responded normally to PHA, while the 
nonrosetting cells did not, it appears that the impaired 
mitogenic response documented in the ficoll-hypaque 
purified leukocytes was at least partly due to the presence 
of the nonrosetting cells. 

Quantitation of the number of leukocytes that did or 
did not form S-RBC rosettes was determined for both the 
control and patient populations. The mean leukocyte re- 
covery after ficoll-hypaque purification was higher in the 


TABLE 3. Comparison Between Mitogen Induced Blastogenesis of Patient Versus Control Leukocyte Populations According to Postburn Day 


Postburn Day 


1-3 4-7 8-14 15-2] 22 On 

Unfractionated Ficoll-Hypaque cells 

Control 90,231 + 7,666 73,755 + 9,576 75,573 + 7,861 79,352 + 8,657 70,451 + 6,904 

Patient 58,215 + 13,018 36,945 + 6,037 49,792 + 11,678 72,329 + 17,526 56,502 + 15,390 

p (ANOVA) <0.01 <0.05 <0.05 NS NS 
Nonrosette-forming cells 

Control 38,327 + 7,383 24,455 + 3,298 32,762 + 4,191 28,893 + 4,772 24,466 + 3,498 

Patient 7,381 + 3,473 2,767 + 1,446 3,391 + 740 7,661 + 10,101 11,083 + 6,534 

P (ANOVA) <0.01 <0.05 <0.05 <0.01 NS 
S-RBC rosette-forming cells 

Control 74,517 + 7,928 66,772 + 10,735 80,037 + 8,649 70,988 + 9,721 86,162 + 11,344 

Patient 87,834 + 12,066" 56,760 + 11,747 93,104 + 14,783* 95,364 + 12,955 79,747 + 9,160 

P (ANOVA) NS NS NS NS NS 


All values expressed as mean SEM. 


* p < 0,05 versus patient ficoll-hypaque cells. 
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TABLE 4. Quantitation of Leukocyte Yields After Ficoll-Hypaque (FH) Purification and Subsequent Separation 
of S-RBC Rosette-Forming (R) from Nonrosette-Forming (NR) Leukocytes 


% OKT3 Positive 











Total Cells Required* l % 

Leukocytes NR SRBC-R After Rosetting % SRBC? SRBC-R % NR- 

Group N (FH) Forming Forming (%) Group N Forming Cells oN Forming Forming 
Control 65 31.2+9.1 8.1 + 2.5 10.9 + 3.1 62 +8 Control 65 58 +4 51 79+8 21:35 
Patient 65 39.9 + 14 15.4 + 8.0 8.2+ 3.5 60+ 11 Patient 65 3713 51 84+ 11 155 
P <0.01 <0.01 <0.05 NS P <0.01 <0.01 <0.01 

All values shown are mean + SD; cell count X 106, +P eee ered that formed SRBC 
NR + er cent of cells recovered that form - rosettes = ——————— 
* Per cent of cell recovered = s x 100. NR + R 


patients than the controls (p < 0.01) (Table 4), reflecting 
the fact that leukocytosis is common after thermal injury. 
Although the patients had higher total numbers of leu- 
kocytes isolated from their whole blood, fewer of the pa- 
tients leukocytes formed S-RBC rosettes than control leu- 
kocytes (p < 0.05). This was true whether the absolute 
number or percentage (58% vs. 37%) of rosette forming 
cells was compared (Table 4). At all times postburn, the 
percentage of leukocytes forming S-RBC rosettes was 
lower in the patients than the controls (p < 0.01) (data 
not shown). The decrease in the numbers of patient leu- 
kocytes forming S-RBC rosettes was not due to a decrease 
in the percentage of patient versus control cells recovered 
after rosetting. The percent recovery of the control cells 
(62% + 8%) was not different from the percentage of pa- 
tient cells recovered (60% + 11%). Thus, it appears that 
although the patients had more leukocytes recovered by 
ficoll-hypaque purification than did the controls, the per- 
centage of these cells that were functionally mature T cells, 
as judged by S-RBC rosetting, was lower. These results of 
decreased numbers of functional T celis, based on S-RBC 


TABLE 5. Allogeneic MLC of Ficoll-Hypaque Purified Leukocytes from Burn Patients but not Controls Is Increased 


All Days 1-3 

Unfractionated Ficoll-Hypaque cells 

Control 5,727 + 300 6,377 + 704 

Patient 4,115 + 753 2,766 + 503 

p (ANOVA) <0.05 <0.01 
Nonrosette-forming cells 

Control 2,278 + 91 2,365 + 234 

Patient 717 + 136 444 + 107 

p (ANOVA) <0.01 <0.01 
S-RBC rosette-forming cells 

Control 6,579 + 358* > 7,851 + 862 

Patient : 8,937 + 1,684¢ 5,195 + 1,737 

p (ANOVA) <0.05 NS 


x 100. 


rosetting, are consistent with their decreased functional 
ability to respond to the mitogen PHA. 

The pan-T-cell marker OKT3 was used to quantitate 
the percentage of T cells in the rosette-forming and non- 
rosette-forming populations. When the patients were 
stratified according to postburn day, the percentage of 
OKT3-positive cells between the patient and control leu- 
kocyte rosette-forming populations was not statistically 
different (data not shown), although, when all the days 
were combined, the percentage of OKT3-positive cells 
was higher in the rosetted cell population of the patients 
than the controls (p < 0.01) (Table 4). In contrast, the 
percent of OKT3-positive cells in the nonrosette-forming 
leukocyte population was lower in the patients than the 
controls (p < 0.01) (Table 4). 

The presence of OKT3-positive lymphocytes in the 
nonrosette cell population appears to explain why the 
nonrosette-forming cell populations could be stimulated 
by PHA to take up *H-thymidine. Although the percentage 
of OKT3-positive patient cells (15% + 5%) was 72% of 
the control cell level (21% + 5%), the mitogen response 


Postburn Day 
4-7 8-14 15-21 22 On 
3,936 + 507 5,993 + 417 5,312 + 532 6,672 + 894 
2,857 + 1,469 4,633 + 1,919 5,681 + 2,330 4,149 + 1,361 
NS NS NS NS 
2,121 + 192 2,052 + 116 2,182 + 127 2,690 + 295 
749 + 480 561 + 211 1,134 + 433 710 + 224 
<0.01 <0.01 NS <0.01 
5,126 + 519 6,962 + 458 6,380 + 728 6,338 + 1,174 
5,825 + 2,595 12,796 + 4,869 10,659 + 4,564 8,442 + 2,716 
NS NS NS NS 





All values expressed as mean + SEM. Total number of assays is 49, 
with 8-12 assays performed during each postburn time period. 


* NS versus control whole cell population. 
tp < 0.01 versus patient’s whole cell population. 
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of the patients’ cells (6744 cpm) was only 23% of the con- 
trol nonrosetted cells (29,438 cpm) (Table 1). These results 
raise two possibilities: either that the nonrosetted patient 
OKT3-positive lymphocytes were less responsive to mi- 
togen stimulation than control nonrosetting OK T3-pos- 
itive cells, or that the nonlymphoid cells in the nonroset- 
ting patient population were inhibiting the OKT3-positive 
lymphocytes from responding to PHA. Unfortunately, 
which of these possibilities is true cannot be answered 
from the current study. 

The ability of the various leukocyte fractions to respond 
to antigenic stimuli was measured in an allogeneic mixed 
lymphocyte culture (MLC) assay. When all the assays were 
combined, the allogeneic MLC response of the unfrac- 
tionated ficoll-hypaque purified leukocytes from the burn 
patients was lower than that observed in the control pop- 
ulation (p < 0.05). In contrast, the MLC response of the 
patients rosetted cells was higher (p < 0.05) (Table 5; all 
days). The MLC response of the patients leukocytes, but 
not the controls, was increased in the rosetted fraction 
compared to the whole cell population (Fig. 1). Thus, the 
patients leukocyte fractions responded to antigens (MLC 
response) and mitogens (PHA) in a similar fashion. 

When the patients’ leukocyte response in the allogeneic 
MLC was analyzed according to postburn day, only during 
the first 3 days postburn was the patients’ unfractionated 
leukocyte response depressed. Failure to document a sig- 
nificant depression from day 4 on may relate to an in- 
sufficient number of specimens being studied during these 
specific periods. The MLC response of the patients’ non- 
rosette-forming cells was depressed during the entire 
postburn course, except for the period from the 15th to 
the 21st postburn day (Table 5). Although the MLC re- 
sponse of the patients’ rosetted cells was generally higher 
than the control cells at most periods postburn, these dif- 
ferences did not reach statistical significance. 

In contrast to the allogeneic MLC response, the patients’ 
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2.0 


1.0 


Allogeneic MLC 
Ratio Patient/Control 


All 1-3 4-7 8-14 15-21 22 on 
Days 





Post-Burn Day 


FIG. 1, The response of the patients’ ficoll-hypaque purified cells (open 
bars) in the allogeneic MLC was depressed, while the response of the 
S-RBC purified T cells was normal or increased (closed bars). 


autologous MLC could not be restored to normal by se- 
perating the rosette from the nonrosette-forming cells 
(Table 6). Furthermore, the patients’ autologous MLC 
response was impaired throughout the hospital course in 
both the whole cell and nonrosette-forming cell popula- 
tions. Thus, it appears that the response of all fractions 
of the patients leukocytes to self-antigens may be impaired 
after thermal injury, although the T-cell rich fraction of 
these same cells will respond normally to the antigenic 
and mitogenic stimuli tested in this study. 


Discussion 


Although it is generally accepted that cell-mediated 
immunity is impaired after thermal injury, there is no 


TABLE 6. Comparison of Autologous MLC Between Control and Burn Patients Subpopulations 


All Days 


1-3 

Unfractionated ficoll-hypaque cells 

Control 647 + 21 733 + 42 

Patient 321 +35 378 + 92 

p (ANOVA) <0.01 <0.01 
Nonrosette-forming cells 

Control 388 + 17 410 + 44 

Patient 152 + 14 164 + 37 

p (ANOVA) <0.01 <0.01 
S-REC rosette-forming cells 

Control 648 + 22 637 + 60 

Patient 410 + 46 548 + 94 

p (ANOVA) <0.01 NS 


Postburn Day 

4-7 8-14 15-21 22 On 
585 +51 596 + 37 613 + 60 726 + 24 
254 + 48 328 + 97 342 + 70 293 + 64 

<0.05 <0.05 <0.01 <0.0! 
311+ 40 427 + 38 414 + 36 355 + 24 
115415 139 + 30 185 + 33 154 + 32 

<0.05 <0.01 <0.05 <0.01 
618 + 64 622 + 44 689 + 53 676 + 25 
494 + 147 431 +95 355 +94 236 + 70 

NS NS <0.01 <0.01 


All values expressed as mean + SEM. Total number or assays is 48, with 8~12 assays performed during each time period. 
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consensus on whether in vitro cell-mediated immunity is 
normal,'! increased,'*!? or decreased.”°*! Furthermore, 
controversy exists over whether changes in the cellular 
response to lymphocyte stimuli, such as PHA, correlate 
prognostically with the onset of sepsis or death. ! 1202223 
To some extent, these differences appear to be related to 
differences in patient care protocols, patient selection, and 
data analysis. However, another reason for these conflict- 
ing results may be that the cell populations being studied 
are not homogeneous and contain nonlymphoid cells. 

A potential risk of all standardized in vitro assays is 
that the results of the assay may not accurately reflect the 
complex interactions that are occurring in vivo. Therefore, 
several years ago, we measured the level of in vivo lym- 
phocyte activity, as reflected by the SBT, together with 
the ability of these same cells to respond to the mitogen 
PHA in 29 burn victims.'? The two major conclusions of 
the study were (1) that the SBT activity of the patients 
cells was increased, ‘even when the mitogen response was 
depressed, and (2) that changes in the SBT, but not the 
mitogen response, predicted sepsis. Based on the results 
of this work, we postulated that in vitro postburn impaired 
cell-mediated immunity may not be due to impaired (lazy) 
lymphocytes pat due to the fact that these celis were ac- 
tivated in vivo.’ 

In subsequent experiments performed to clarify why 
the SBT was increased, even when mitogen-stimulated 
blastogenesis was impaired, we discovered that ficoll-hy- 
paque purified mononuclear cell preparations from burn 
patients contained a large number of metabolically active 
leukocytes that were not mature T lymphocytes or mac- 
rophages (12). Since these non-T cells took up thymidine 
but did not respond to PHA, these metabolically active 
leukocytes could alter the results of in vitro lymphocyte 
function tests. To test this possibility, we serially evaluated 
the response of several fractions of burn patient leukocytes 
to mitogenic and antigenic stimuli. The mitogen and al- 
loantigen responses of S-RBC purified T cells from the 
burn patients were normal, even when the response of 
unfractionated ficoll-hypaque whole’ cell leukocyte pre- 
perations were depressed. Thus, it appears that lympho- 
cytes from burn patients, during nonseptic periods, re- 
spond normally. Whether the decreased response of these 
cells, when tested in the presence of nonrosetting cells, is 
due to decreased numbers of lymphocytes or to inhibition 
of lymphocyte function by the nonrosetting cells cannot 
be determined from this study. — 

In contrast to our results with PHA and oige 
the burn patients’ lymphocytes had a decreased response 
to autoantigens, as measured by the autologous MLC. 
This decreased response was not corrected by removing 
the nonrosetting cells from the whole cell population. The 
biologic and clinical significance of a depressed autoan- 
tigen response, in the aee of normal mitogen and alloan- 
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tigen responses, cannot be determined from the results of 
this study. However, it is tempting to speculate that this 
pattern of lymphocyte reactivity could be of benefit, since 
the patient would be less likely to respond to altered (ex- 
posed) self-antigens, while maintaining an intact immune 
response to foreign antigens. Further study is clearly 
needed to resolve this and other potential explanations 
for these observations. 

The observation that ficoll-hypaque purified mono- 
nuclear cells were contaminated by large numbers of non- 
lymphoid cells was first made by Volenec et al. in 1979.7“ 
Since that time, we!” and others?’ have observed that den- 
sity purification techniques do not seperate mature 
mononuclear cells from other cell populations in the burn 
patient. However, this is the first reported study to evaluate 
whether these contaminating cells could influence the re- 
sults of in vitro assays of lymphocyte function. The results 
of this study clearly document that lymphocytes respond 
normally to PHA and alloantigens after the contaminating 
cell population has been removed. We believe that future 
studies should be carried out to better define the influence 
of the nonrosetting cells on lymphocyte function, as well 
as studies evaluating the immune responsiveness and im- 
mune regulatory functions of the rosette-forming T cells. 
By studying more purified cell populations, it should be 
potentially possible to resolve some of the controversies 
about the effect of a thermal injury on cell-mediated im- 
munity. 
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Poland’s Anomaly 


Natural History and Long- Term Results of Chest Wall Reconstruction 


in 33 Patients 
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Poland’s anomaly is an uncommon congenital aberration of the 
chest wall characterized by absence of the pectoralis major mus- 
cle and other nearby musculoskeletal components. In this series, 
a wide spectrum of thoracic deformities was associated with the 
Poland anomaly, ranging from segmental agenesis of the ribs, 
sternum, and nearby muscles, to simple aplasia of the pectoralis 
major muscle. Although little disability was associated with the 
syndrome, the patients primarily sought cperative correction due 
to the asymmetry and their perception of adverse cosmesis. Over 
a 10-year period, 53 operations were performed on 27 individuals 
with the goal of correcting the abnormal contour of the chest 
wall. The most successful reconstructions involved the use of 
~ the latissimus dorsi muscle, which was detached and transferred 
to the anterior chest wall while preserving the neurovascular 
pedicle. In women, this was accompanied by insertion of a mam- 
mary prosthesis. Reconstruction of the so-called “herniation” of 
the lung with rib grafts or alloplastic materials was found to be 
unnecessary, and the use of custom-made chest wall prostheses 
is not recommended, since four of five of these devices had to 
be removed due to migration, erosion of local tissues, and adverse 
cosmesis. 


ago by Alfred Poland, is an uncommon congenital 

aberration of the chest wall.!* Confined unilat- 
erally to the thorax and upper extremity, the deformity 
has come to include a constellation of hypoplastic com- 
ponents, the most consistent of which is a partial or total 
absence of the pectoralis major muscle. In its severest 
configuration, there may be partial agenesis of the ribs 
and sternum; scoliosis; brachysyndactyly, mammary 
aplasia; and absence of the latissimus dorsi, serratus an- 
terior, and other nearby‘structures.*-’ Renal hypoplasia, 
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certain leukemias, and the Mobius syndrome have also 
been described in association with the chest wall defects.’ 
An engaging account of the disorder is found in Ravitch’s 
treatise oi congenital deformities of the chest wall.’ 

The reconstruction of the defect has changed consid- 
erably over the past decade, and although newer tech- 
niques have been described, even the largest series includes 
relatively few patients.!°-!? Most of these reports describe 
a singular mode of reconstruction without analyzing the 
natural history of the syndrome; other surgical options, 
or long-term results of those options. The purpose of this 
paper is to relate our evolving experience with Poland’s 
anomaly in 33 patients over the last 10 years. 


Materials and Methods 


Thirty-three individuals who were born with unilateral 
absence of all or a major portion of the pectoralis major 
muscle were studied. All patients were evaluated by the 
authors over a 10-year period from 1977-1987, with 28 
seen at Walter Reed Army Medical Center and 5 at Ei- 
senhower Army Medical Center. Careful physical exam- 
inations, muscle testing, and standard photography were 
performed on all patients to assess and document the ex- 
tent of the anomaly. Follow-up ranged from 1-27 years 
from their initial evaluation (several patients were séen 
many years ago at Walter Reed and were called in for a 
follow-up examination). There were 25 female and 8 male 
patients, ranging from 2 months to 34 years of age at the 
time of the initial evaluation (average = 18.9 years). All 
33 had unilateral absence of the pectoralis major muscle, 
with 6 patients having the full-blown chest wall syndrome, 
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including absence of both upper and lower portions of 
the muscle as well as absence of the anterior portions of 
ribs 3 through 5 on the same side. This latter group also 
had a variety of other unilateral defects including short- 
ening and cartilaginous deformities of the sternum (sternal 
bar formation), hypoplasia of the clavicle and scapula, 
xiphoid bifidity, and pseudoherniation of the lung (Fig. 
1). The other 25 patients had absence of the large ster- 
nocostal portion of the muscle with preservation of a sub- 
clavicular strip. All 33 patients had breast abnormalities 
with concomitant nipple-areolar findings, ranging from 
athelia to cephalad displacement and hypoplasia. One 
male patient had simple syndactyly with brachydactyly 
involving the index, middle, and ring fingers. Another 
male patient exhibited ectrodactyly (severe shortening and 
webbing), also involving primarily the central three rays. 
Seven patients had noticeable shortening of the skeletal 
components of the upper extremity. In addition to the 





FIG. 1. This 33-year-old man was seen 27 years after his initial evaluation 
in our clinic. He exhibits the full-blown deformity as described and il- 
lustrated by Froriep in the original article.? Although not previously 
noted, the rectus abdominis muscle often inserts abnormally high, over 
a “sternal bar” of cartilage that is always adjacent to the lung herniation. 
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TABLE 1. Reconstructive Chest Wall Procedures in 27 
Patients With Poland's Anomaly 


Nipple/ 
Contralateral Areolar 


Initial Operation Revision Procedures Procedures 
I. Women 
Mammary Prosthesis 
12 5 6 2 
1 
Latissimus 
transfer 
Latissimus transfer 
plus mammary 
prosthesis 
4 4 
Chest wall prosthesis 
4 4 3 
Rib reconstruction; 
mammary 
prosthesis 
l 
II. Men 
Latissimus transfer 
5 l | 
(chest wall 
prosthesis; 


later removed) 
Sternal-rib 
reconstruction; 
latissimus transfer 
1 l 


pectoralis deficiency, five patients had partial or complete 
absence of the ipsilateral latissimus dorsi muscle, and nine 
patients had absence of the serratus anterior muscle, with 
winged scapula. Four individuals exhibited a moderate 
degree of scoliosis that was concave in the direction of 
the deformity. The defect was located on the left side in 
12 patients and on the right side in 21. In the male patients, 
there were five right-sided defects and three on the left. 
In the female patients, there were 16 defects on the right 
side and 9 on the left. 


Results 
Natural History 


There was little disability associated with the disorder, 
even the severe form, from infancy through adulthood. 
However, one female patient, who also had absence of 
the latissimus dorsi muscle, reported difficulty in per- 
forming cartwheels and other gymnastic maneuvers due 
to lack of shoulder strength. Most of the male patients 
participated in athletics. However, with the severe form, 
there was weakness in performing rope-climbing and pul- 
lups. One man sustained an ipsilateral humeral fracture 
on two separate occasions while landing after hang-gliding. 
The hand deformities caused little disability except for 
the subjective complaint of decreased power grip. This 
parameter was not measured, however. 
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All patients, other than small children, complained of 
‘mbarrassment due to a self-perceived cosmetic deformity. 
n men, this perception consisted of asymmetry and lack 
of soft tissue “‘fill” of the upper (subclavicular and para- 
ternal) chest wall. The relative exposure of the ribs in 
his area, often more noticeable due to hypoplastic serratus 
lips, also caused concern. This was accentuated even 
nore by a well-developed contralateral pectoralis major 
nuscle. In women, the perception was one of extreme 
symmetry due to a similar absence of subclavicular and 
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Fics. 2A-C. (A) This 18-year-old woman was initially treated with a 
mammary prosthesis alone on the affected side. Along with residual sub- 
clavicular hollowing, a firm, capsular reaction around the implant 
prompted her referral. She had also received a contralateral mastopexy 
(suspension). (B) The patient underwent removal of the prosthesis, la- 
tissimus muscle transfer, and insertion of another implant deep to the 
transferred muscle. (C) This illustration shows the technique of latissimus 
transposition and submuscular mammary prosthesis insertion. A con- 
tralateral mastopexy or breast reduction can also alleviate residual asym- 
metry (arrows). 


upper chest wall “fill.” This was compounded by the ob- 
vious absence or hypoplasia of the ipsilateral breast. 


Reconstructive Operations 


Fifty-five chest wall operations in 27 patients were per- 
formed with the goal of restoring symmetry (average 2.04 
procedures per patient) (Table 1). Five (three women and 
two men) declined treatment and one child (female) con- 
tinues to be followed. In the female group that underwent 


Q 


4 


Vol. 208 » No. 6 





Fics. 3A-C. (A) 17-year-old boy with the mild form of the anomaly, 
showing absence of the large sternocostal head of the pectoralis major 
muscle and relative prominence of the ribs. (B) The same patient is seen 
after latissimus dorsi muscle transposition and anterior transfer of the 
humeral insertion. (C) This illustration shows the technique of the muscle 
transfer in males, with folding of the distal muscle to augment parasternal 
bulk. 


reconstruction (n = 21), the initial operation was the in- 
sertion of a mammary prosthesis (n = 12); a soft, custom- 
made chest wall prosthesis (n = 4); or a tissue expander 
followed by a latissimus dorsi muscle transfer and mam- 
mary prosthesis (n = 1). Rib reconstruction and later 
mammary prosthesis (n = 1) and latissimus transfer with 
mammary prosthesis (n = 3) were performed on the re- 
mainder. Eight of those who received an initial mammary 
prosthesis desired no further chest wall reconstruction, 
although two had a later areolar restoration. Of the other 
four patients, all underwent secondary revisions, with 
three receiving a larger mammary prosthesis and one re- 
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ceiving a smaller one. One of these also underwent a later 
latissimus transfer plus sublatissimus insertion of a mam- 
mary prosthesis due to persistent subclavicular hollowing 
and capsular contracture about the original implant (Figs. 
2A-C). Of the four patients who received custom chest 
wall devices, three underwent removal of the implants 
due to migration and adverse cosmesis, despite the pres- 
ence of velour backings and tabs that had been sutured 
to the clavicular periosteum. The remaining individual 
was lost to follow-up after the first year. In each of these 
patients, the chest wall prosthesis was ultimately replaced 
with a mammary prosthesis, although in one individual 


~ 


6 -soeee* Ea ok 25 = 


— 












180 SEYFER, ICOCHEA, AND GRAEBER 








he chest wall device was repositioned twice before final 
‘emoval. In those patients receiving a latissimus transfer 
n = 5), there was no apparent advantage in delaying the 
iublatissimus insertion of a mammary prosthesis (n = 2) 
is opposed to insertion immediately (n = 3). No later 
‘evisions have been required in this entire (latissimus) 
oup. Thirteen women also underwent contralateral op- 
‘rations to alleviate residual asymmetry. These consisted 
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Fics. 4A-C. (A) This 21-year-old man has the severe form of the anomaly. 
Note the prominent parasternal “bar,” which is composed of deformed 
cartilage surmounted by a high-inserting rectus abdominis muscle. (B) 
This artist’s schematic of the defect shown in the previous figure depicts 
the shortened, bifid sternum and adjacent “herniation” of the lung found 
during the operation. (C) The same patient is seen after sectioning and 
repositioning of the sternal components into a more natural configuration, 
later latissimus muscle transfer, and translocation of the nipple/areola 
inferiorly. 


of reduction mammoplasty (n = 5), augmentation mam- 
moplasty (n = 5), mastopexy (n = 2), or a combination 
thereof (n = 1). 

Of the men that underwent reconstruction (n = 6), five 
had a latissimus transfer as the initial procedure and one 
underwent sternal reconstruction followed by a later la- 
tissimus transfer (Figs. 3A-C and 4A-C). One of these 
patients had secondary insertion of a custom-contoured 
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chest wall prosthesis. As in the female group, this device 
had to be removed later due to migration, soft tissue ero- 
sion, and adverse cosmesis. After removal, the patient 
was satisfied with his appearance. The other individuals 
who received a latissimus transfer were also satisfied and 
desired no further chest wall reconstruction, although one 
later had the nipple-areola moved inferiorly to a more 
symmetric location. 

Transfer of the insertion of the latissimus in order to 
improve the axillary fold deformity was performed in three 
patients (two men, one woman) after the muscle had been 
transposed to the anterior chest wall. 

There were no deaths, infections, or other complications 
in this series. Latissimus transfer was associated with no 
measurable disability. In a separate (unpublished) study, 
eight patients (who had the latissimus entirely removed 
and used elsewhere as a free flap) were tested on a com- 
puterized muscle-testing apparatus (Cybex*, Cybex Di- 
vision of Lumex, Inc., Ronkonkoma, NY). They were 
able to regain any measurable loss of power within 8 weeks 
after the procedure as compared with preoperative values. 
This has correlated well with clinical experience, and it 
appears that other muscles about the shoulder compensate 
for the lost latissimus dorsi function (adduction, internal 
rotation, and extension of the glenohumeral joint). 


Discussion 


It is apparent that there is a spectrum of chest wall 
findings in patients with Poland’s syndrome. This diversity 
ranges from simple absence of the sternocostal head of 
the pectoralis major muscle to the full-blown complex 
and segmental absence of all parietal components of the 
chest wall except skin and pleurofascial membrane. Al- 
though the operations are relatively short in duration and 
are not associated with measurable morbidity, the large 
number of procedures performed in this series reflects the 
complexities involved in restoring symmetry, the limited 
goals attainable with severe defects, and the significant 
investment in time and commitment made by the pa- 
tients. 

In the main, the chest wall aberration is cosmetic in 
nature, and there was little associated disability even in 
the most severe configuration. If there is a problem, it is 
usually related to an upper extremity or shoulder girdle 
weakness. . 

The goal of the reconstructive effort involves the res- 
toration of a more natural contour to the deficient area. 
In women, the provision of a symmetric breast mound, 
natural-appearing nipple-areolar complex, and adequate 
subclevicular “fill” is the aim of treatment. The best cos- 
mesis in this group was accomplished utilizing a latissimus 
dorsi muscle to efface the subclavicular hollowing, along 
with a simultaneous sublatissimus mammary prosthesis 
to restore the breast mound. A reasonable result also fol- 
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TABLE 2. Reconstructive Alternatives in Poland’s Syndrome 





Men Women 
Mild form: Latissimus dorsi muscle 1. Latissimus dorsi muscle 
transposition transposition with 

simultaneous 
submuscular mammary 
prosthesis 

2. Mammary prosthesis 
alone 

3. Selective contralateral 
mammary procedure 
(for symmetry) 

Severe form: 1. Sternal reconstruction 1. Sternal reconstruction 
(trimming/ (trimming/ 
repositioning of repositioning of 
cartilage) cartilage) 


2. Later latissimus dorsi 2. Later transposition 
muscle transposition with simultaneous 
submuscular mammary 
prosthesis 


lowed the insertion of a mammary prosthesis alone in the 
mild form of the disorder. In the man, the restoration is 
more difficult since a mammary prosthesis cannot be used 
to augment the overlying soft tissues and further cam- 
ouflage the musculoskeletal deficiency. Again, the latis- 
simus dorsi muscle was found to be the most effective 
substitute for the absent pectoralis major muscle. Not only 
does it restore missing tissue with tissue of the same type, 
but since the neurovascular pedicle is preserved, it retains 
voluntary contraction and seems to be functionally dis- 
pensable to the upper extremity. Likewise, after transfer 
anteriorly, the muscle fascicles course in the same general 
direction as the normal pectoralis fascicles. After this is 
accomplished, the ribs, being covered by the transposed 
muscle, become much less noticeable (Table 2). 

The abnormality of the anterior axillary fold remains 
a problem, even after a successful latissimus transposition. 
This is due to the unique configuration of the normal 
insertion of the pectoralis major and its spiralling lower- 
most fibers. Although detachment and anterior transfer 
of the latissimus insertion were accomplished in three pa- 
tients, this maneuver failed to produce a completely nat- 
ural axillary fold. Thorough transaxillary widening of the 
tunnel through which the latissimus is drawn also helped 
by favorably directing the fibers of the muscle toward the 
distal sternum. If the latissimus is also missing, the rectus 
abdominis may be considered for transfer. Although we 
have used this option for other chest wall deformities, it 
was purposely avoided in this series. There are cogent 
reasons for preserving this muscle in young, healthy sub- 
jects, not the least of which is later abdominal wall laxity 
or weakness. . 

Past techniques. to “stabilize” the thorax in the severe 
form of the anomaly have included rib transposition or 
grafting, prosthetic mesh, despeciated materials, and me- 
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tallic sheets.'* However, although autologous rib grafts 
were used in one patient early in the series, these methods 
were found to be unnecessary in the other individuals. 
The paradoxic motion of the pleurofascial membrane was 
not severe enough to clinically impair ventilatory me- 
chanics in any patient, and this layer was so sturdy that 
no patient sustained any mishap due to weakness or ab- 
sence of rib support in this area. In such defects, the badly 
protruding costosternal cartilage can be resected or re- 
positioned and the abnormally inserting rectus abdominis 
muscle relocated inferiorly. The contour can then be im- 
proved with a latissimus transfer. 

It is important to recognize that this defect commonly 
involves the entire hemithorax. The findings may be sub- 
tle, but many patients exhibit clavicular or humeral 
shortening, deficiency of the parascapular musculature, 
and hypoplasia of other skeletal components. This fact 
tends to place any potential goals into perspective. 
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Oxygen as an Isolated Variable Influences Resistance 


to Infection 





KENT JONSSON, M.D. PH.D., THOMAS K. HUNT, M.D., F.A.C.S., F.R.C.S. (Glas), 


The relative importance of oxygen in relation to resistance to 
infection was assessed in 24 mongrel dogs. Rectus abdominis 
musculocutaneous (MC) and corresponding cutaneous random 
pattern (RP) flaps based at the level of the xiphoid were elevated, 
replaced, and sutured. Immediately after the surgical procedure, 
0.1 ml saline containing 10° Staphylococcus aureus/m) was in- 
jected intradermally into six fields of each flap. After the op- 
eration, the dogs were caged in controlled environments with 
different oxygen concentrations at 12%, 21%, and 45% for 3 
days. After 24, 48, and 72 hours, lesion size was measured. Dif- 
ferent lesion size was noted between the hypoxic and the hy- 
peroxic groups in the MC flaps from the first day on and in the 
RP flaps from the second day on (p < 0.05). Resistance to in- 
fection with S. aureus is oxygen dependent, particularly when 
tissue PO, is below 40 mmHg. 


OOR PERFUSION and decreased oxygen tension are 
known to modify healing and resistance to infec- 


tion.’ Hypoxia reduces the rate at which leu- 


kocytes generate oxygen radicals that are necessary for 
killing many microorganisms.°'! The purpose of the 
present investigation was to assess the relative importance 
of the concentration of oxygen in tissue in relation to 
resistance to infection. Gradients of tissue oxygen tension 
were established by flap elevation’*'> and manipulated 
by placing animals in environmental chambers to breathe 
controlled oxygen atmospheres. The different ambient 
PO, was correlated to the size of the lesions resulting from 
injection of bacteria.’*!> 


Materials and Methods 
Twenty-four mongrel dogs of both sexes weighing 16.2 
+ 2.2 Kg were operated upon in groups of three chosen 
for similar weight. Before anesthesia was induced, each 
animal was randomized to hypoxic (12% oxygen), nor- 
moxic (21% oxygen), or hyperoxic groups (45% oxygen). 
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Intravenous Nembutal (Abbott Lab, Chicago, IL) (15 mg/ 
Kg) was used for anesthesia after premedication with ace- 
promazine (1 mg/Kg) and ketamine (10 mg/Kg) subcu- 
taneously. The animals were intubated and ventilated on 
a Harvard respirator (Harvard Apparatus, South Nelick, 
MA). The oxygen concentration delivered during the op- 
eration was controlled by an oxygen meter and held con- 
stant at 12%, 21%, and 45%, respectively. 

After shaving and sterile preparation, cranial-based, 15 
x 7 cm, rectus abdominis musculocutaneous (MC) and 
corresponding cutaneous random pattern (RP) flaps based 
at the level of the xiphoid were elevated. The deep cranial 
epigastric artery and vein were left intact in the MC flap. 


The RP flaps were elevated immediately above the fascia, 


and all the musculocutaneous perforating vessels, includ- 
ing the superficial cranial epigastric artery and vein, were 
interrupted as necessary.'*!3 The flaps were then sutured 
back, using interrupted 3-0 polyglycolic acid sutures 
(Dexon®, Davis & Geck Inc., Danbury, CT) in the fascia 
and continuous 4-0 polypropylene (Dermalon®, Davis & 
Geck Inc., Danbury, CT) in the skin. During operation 
each animal was given 700 ml of 0.9% saline intrave- 
nously. 

Immediately after completion of the surgical procedure, 
0.1 ml of saline containing approximately 10° colony- 
forming units (cfu) per ml of Staphylococcus aureus was 
injected intradermally into six fields of each flap. Three 
control injections were made on each side into the unele- 
vated, normal skin lateral to it (Fig. 1). The bacterial sus- 
pensions were obtained from nutrient~broth culture of S. 
aureus incubated at 37 C for 20 hours, centrifuged at 3000 
rpm for 20 minutes, and resuspended in normal saline. 
Uniformity of bacterial suspensions was ensured by mea- 
suring optical density. The precise number of colony- 
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Fic. 1. Location and size of cutaneous random pattern (RP) and mus- 
culocutaneous (MC) flaps on the abdominal wall of dogs. Site of bacterial 
inoculation indicated with a black spot. 


forming units was counted after serial dilutions and plat- 
ings on blood agar. Each group of three animals received 
injections from the same culture source. 

After the operation, the dogs were housed in specially 
constructed cages in which oxygen concentration, tem- 
perature, carbon dioxide concentration, and humidity 
were registered and controlled. Oxygen was delivered 
through a Venturi gas mixer at 10-12 L/minute to main- 
tain a 45% concentration. Nitrogen was delivered through 
a similar mixer at 14-16 L/minute to maintain 12% ox- 
ygen concentration. An equivalent amount of air was de- 
livered to the normoxic group. Temperature was held be- 
tween 19 and 23 C. Relative humidity was less than 65%, 
and carbon dioxide concentration (0.3%) was not elevated. 
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These parameters were checked every 3—4 hours during 
the 3-day experiment. 

After 24, 48, and 72 hours, the dogs were taken out of 
the controlled environments and the injection sites pho- 
tographed and traced onto transparent paper of uniform 
weight per area. The lesion tracings were then cut out and 
weighed. The animals were killed at 72 hours. The flaps 
were removed, mounted on a specimen board, and fixed 
in formalin. Representative sections for histology were 
taken after fixation. Wilcoxon’s paired sample test was 
used for statistical analysis; p < 0.05 was considered sig- 
nificant. 


Results 


The total area of skin necrosis resulting from the two 
bacterial inoculations on each level of the flap is reported 
in Tables 1, 2, and 3. The infectious necrosis in the RP 
flaps tended to be larger, confluent, and full thickness. 
Histologic sections showed dense inflammation, with 
thrombosed vessels and little purulence. The infectious 
necrosis in the MC flaps tended to be partial thickness 
and demonstrated few thrombi in larger vessels; inflam- 
matory cells tended to cluster in abscess patterns on his- 
tologic section. The infectious necrosis in the proximal 
portion of the RP flaps was a mixture of these manifes- 
tations of infection. 

The animals kept in hypoxia (12% oxygen) had larger 
lesions in the RP flaps level 1 after 24 hours than the 
animals kept hyperoxic (45% oxygen, p < 0.05) (Table 
2). After the first day, expanding areas of necrosis in the 
hypoxic group became consistently confluent in levels 2 
and 3. At 48 and 72 hours, the mean size of the lesions 
in the RP flaps of the animals kept in the hypoxic envi- 


TABLE 1. Area (cm’) of Necrosis on Each Level Caused by Two 0.1-ml Injections of Staphylococcus aureus Intradermally (cf. Fig. 1) 


Hypoxia (12% O) 
Random Pattern 
Level Mean SD SEM 

Day iI 

I 3.02 1.72 0.65 

H 

HI confluent ' 

1+ i+ Il 16.80 13.47 5.10 
Day 2 

H confluent 

HI 

1+]i+ Hl 30.21 17.50 6.63 
Day 3 

I 

H confluent 

Hi 

I+]+H 33.67 17.91 6.76 


Musculocutaneous Control 

Mean SD SEM Mean SD SEM 
0.88 0.44 0.16 

0.88 0.44 0.16 

1.04 0.23 0.10 

2.70 0.78 0.29 1.30 0.52 0.21 
0.73 0.42 0.16 

0.96 0.36 0.13 

0.88 0.31 0.10 

2.57 0.91 0.34 1.40 0.65 0.23 
0.55 0.34 0.13 

0.83 0.29 0.10 

0.73 0.31 0.10 


2.11 0.31 0.10 1.17 0.55 0.21 
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TABLE 2. Area {cm’) of Necrosis on Each Level Caused by Two 0.1-ml Injections of Staphylococcus aureus Intradermally (cf. Fig. 1). 





Hyperoxia (45% O2) 
Random Pattern Musculocutaneous Control 
Level Mean SD SEM Mean SD SEM Mean SD SEM 
Day | 
1.48 1.07 0.39* 0.21 0.08 0.03" 
II 0.44 0.10 0.05 
HI confluent 0.44 0.31 0.13* 
I+II + HI 11.75 9.41 3.56 1.09 0.44 0.16* 0.91 0.55 0.21 
Day 2 
I 0.34 0.21 0.08* 
I confluent 0.42 0.21 0.08* 
IW 0.31 0.21 0.08* 
I+ + Il 18.4} 16.07 6.08" 1.07 0.36 0.13* 0.94 0.49 0.18 
Day 3 
I 0.31 0.16 0.05* 
II confluent 0.39 0.16 0.05* 
IH 0.34 0.16 0.05* 
1+ I + I 20.54 16.07 6.08* 1.04 0.29 0.05* 0.73 0.47 C.13 





* Significantly smaller areas, compared with hypoxia (p < 0.05). 


ronment was one-third larger than the corresponding size 
of the lesions of the animals kept in the hyperoxic envi- 
ronments (p < 0.05). The size of lesions in animals kept 
in the normoxic environment fell between these two val- 
ues (Fig. 2). 

The lesions in the MC flaps were far smaller than in 
the RP flaps in all groups (Fig. 2). The mean size of the 
lesions was larger on all 3 days in hypoxic animals com- 
pared with those in the hyperoxic environment (p < 0.05) 
(Table 2). Lesion size of the normoxic group was inter- 
mediate. 

The lesions in the unoperated control skin were con- 
sistently smaller than those in the MC flap and were ap- 
proximately 40% larger in hypoxic animals as opposed to 


those kept hyperoxic, but neither of these differences 
reached statistical significance (Tables 1, 2, and 3). 
Measurable lesions occurred in 83% of the injection 
sites in the hyperoxic group, 94% of the normoxic group, 
and 93% of the hypoxic group. Measurable lesions occured 
from all injections into the proximal RP flaps. On this 
level, 8 of 16 inoculations in the hyperoxic animals formed 
small abscesses; but in the hypoxic animals, infectious 
necrosis was limited by abscess formation in only 4 of the 
16. (Chi square analysis with Yates’s correction p = 0.5.) 


Discussion 


This study is one in a series in which the biologic and 
surgical significance of the relationship among blood flow, 


TABLE 3. Area fem’) of Necrosis on Each Level Caused by Two 0.i-ml Injections of Staphylococcus aureus Intradermally {c f. Fig. 1). 


Normoxia (21% O,) 


Random Pattern Musculocutaneous Control 
Level Mean SD SEM Mean SD SEM Mean SD SEM 
Day | 
I 2.99 1.90 0.73 0.47 0.39 0.16 
Il 0.62 0.29 0.10 
Ill confluent 0.75 0.34 0.13 
I+] +10 18.75 13.47 5.10 1.85 0.91 0.34 1.40 0.75 0.29 
Day 2 
J 0.44 0.31 0.13 
II confluent 0.60 0.29 0.10 
i 0.70 0.23 0.10 
I++ 10 22.28 12.09 4.58 1.74 0.70 . 0.26 1.38 0.68 0.26 
Day 3 
0.52 0.39 0.16 
gi confluent 0.68 0.34 0.13 
Ih 0.60 0.23 0.08 
I++ 1 25.77 11.80 4.47 1.79 0.86 0.31 1.46 0.83 0.31 
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Fic. 2. Area of necrosis, Unshaded columns = cutaneous flaps; shaded 
columns = musculocutaneous flaps; *denotes significant differences (p 
< 0.05) from 12% oxygen environment. (Reprinted with permission from 
Surg Forum 1984; 24:589--591.) 


oxygen availability in tissue, and vulnerability to bacterial 
infection have been investigated. This relationship appears 
to rest on the oxidative killing of bacteria by phago- 
cytes. Oxidative killing depends upon the ability of 
phagocytes to reduce molecular oxygen dissolved in the 
extracellular fluid and, as a consequence, to produce bac- 
tericidal compounds such as hydrogen peroxide, hypo- 
chlorite, and superoxide radical.® 

Disorders of oxidative bactericidal mechanisms criti- 
cally reduce resistance to certain bacteria, including, 
among others, the so-called “aerobic” surgical pathogens 
such as S. aureus, Escherichia coli, and Klebsiella pneu- 
moniae. Leukocytes lacking the first enzyme in the oxi- 
dative pathway, the nicotinamide adenine dinucleotide 
phosphate (NADP)-dependent oxidase that reduces mo- 
lecular oxygen to superoxide radicals, fail to kill these 
organisms effectively.'' Genetic deficiencies of this enzyme 
lead to “chronic granulomatous disease,” a clinically se- 
rious vulnerability to infection. Normal leukocytes de- 
prived of oxygen also fail to kill many organisms. effec- 
tively, as would be expected since the absence of the sub- 
strate, oxygen, of the NADP-dependent oxidase produces 
an effect equivalent to the absence of the enzyme.* In 
proof of this contention, it has been shown that clearance 
of S. aureus from wounds in rabbits is directly propor- 
tionate to oxygen availability.” Furthermore, previous in 
vitro studies have shown that bacterial killing by leuko- 
cytes is critically dependent upon ambient PO, in the 
range of 0-40 mmHg and less dependent above that 


Ann. Surg. + December 1988 


level.'° Normal leukocytes lose approximately half of their 
ability to kill S. aureus when ambient PQ, falls to zero.'® 
In previous studies using identical MC and cutaneous 
RP flaps, PO, and blood flow were measured in the rel- 
evant portions of the flaps.'~!> Resistance to infection was 
proportionate to blood flow and oxygenation,” but the 
variable of tissue oxygen was not isolated by varying ar- 
terial PO2. The present study was designed to accomplish 
that purpose: | 
The strategy of the present experiment was to produce 
steep local oxygen gradients by constructing of different 
flaps with different responses to oxygen breathing, so that 
variations in infectability could be compared within a 
framework of changes in the ambient oxygen and local 
tissue oxygen tension. For the purpose of relating lesion 
size to local tissue PO2, we used data developed in the 
previous investigations by Gottrup et al. in our labora- 
tory.'> They used precisely the same flap model and found 
that subcutaneous PO, was uniform at approximately 40- 


50 mmHg throughout musculocutaneous flaps. This is. 


almost equal to that of normal subcutaneous tissue. Ad- 
ministration of 45% oxygen raised PO, in these tissues to 
approximately 70-100 mmHg. Fashioning a cutaneous 
random pattern flap, on the other hand, created a gradient 
from about 30 mmHg at the midportion to 10 mmHg at 
the tip. Response to breathing oxygen at these sites in the 
RP flaps was an increase by about 30 mmHg at the mid- 
portion and 10 mmHg at the tip. These gradients allow 
various hypotheses to be tested: (1) If the extent of infec- 
tion were to correlate to arterial PO,, all lesions at all 
levels would increase or decrease by about the same por- 
tion. (2) If the extent of infection were related to arterial 
oxygen content, lesions would not only increase or de- 
crease by the same propertion in each oxygen atmosphere, 
but breathing 45% oxygen, which adds less than | ml 
oxygen per 100 mi blood, would produce far less change 
than breathing 12% oxygen, which subtracts more than 
4 ml per 100 m! blood. (3) Alternatively, lesion size could 
be proportionate to local tissue PO, at the site of inocu- 
lation, as the in vitro studies indicate. 


Hyperoxia caused relatively small changes in leukocyte © 


function (and hence, lesion size) in the MC flaps, since 
tissue PO, there was 40-50 mmHg throughout their length 
during breathing of air and thus already above the most 
sensitive range for oxygen-dependent bacterial killing. The 
tips of the RP flaps had the lowest tissue PO,. They were 
predicted to be, and were, the most vulnerable to infection. 
Oxygen breathing raised the PO, very slightly, from a 
baseline of 10 mmHg to 20 mmHg.!? By the hypothesis 
that local environment is the determinant of resistance, 
the distal RP flap would thus be more vulnerable to in- 
fection even during oxygen breathing (tissue PO. = 20 
mmHg) than the MC flap during air breathing (tissue PO, 
= 40-50 mmHg). The observations met this pattern. 
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Hypoxia increased lesion size least in the normally well- 
oxygenated tissues and most in the marginal tissues in 


the middle zone of the random pattern flaps. Tissue PO, 


was not measured during breathing of hypoxic mixtures 
in the previous study.'* Therefore, no close correlations 
can be made to tissue PO, during hypoxia. 

Lesion size and number remained, as theory predicted, 
in proportion to the tissue PO, at the point of inoculation. 
In the distal portion of the cutaneous RP flap, where tissue 
PO, was very low when the animals breathed air and least 
response to oxygen breathing was noticed, little or no in- 
crease in resistance to infection was seen with oxygen ad- 
ministration. In the MC flap, where tissue PO, was high 
and above the critical zone in which leukocyte killing is 
most oxygen dependent, only small though significant 
changes were seen. The greatest changes were seen in the 
midportion of the RP flap where changes from hypoxic 
to hyperoxic gas mixtures changed tissue PO, across the 
critical zone from 20-40 mmHg. Not only did size of the 
lesions decrease most in this area of the flaps, but abscess 
formation tended to limit infections in hyperoxia, while 
invasive necrosis was predominant during breathing low 
oxygen mixtures. 

Musculocutaneous flaps retain the capacity to increase 
blood flow in response to infection!’ and at least partly 
for that reason they are less vulnerable. Increased blood 
flow undoubtedly contributes many components that may 
increase resistance to infection, but the above data indicate 
that increased oxygen delivery is among the more im- 
portant consequences of increased flow. The study by Feng 
et al.” showed that the blood flow patterns of these flaps 
did not limit the accumulation of leukocytes. More leu- 
kocytes accumulated in the poorly perfused flaps, but leu- 
kocytes were clearly less effecient there in the relative ab- 
sence of oxygen.'’ The data also show that at least the 
major portion of the oxygen effect is exerted within 
wounds themselves, since resistance to infection was 
clearly more proportionate to the partial pressure of ox- 
ygen at the site of inoculation than it was to the inspired 
oxygen tension. 

The clinical experience that musculocutaneous flaps 
can be used to cover also infected wounds after radical 
debridement!*-** will at least in part be explained by good 
oxygen supply and as a consequence improved resistance 
to infection as indicated by these findings. 


Conclusions 


Resistance to infection resulting from bacteria injected 
into skin is oxygen dependent. Increased local oxygen 
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supply decreased extent of test infections. Decreased ox- 
vgen supply had the opposite effect. This relationship 
seemed particularly important when tissue PO, was below 
40 mmHg. 
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Acceleration of Tensile Strength of Incisions Treated - : 


with EGF and TGF-6 
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The ability of surgeons to accelerate wound healing through 
pharmacologic intervention is limited. The effects of locally.ap- 
plied, biosynthetic human epidermal growth factor (EGF) and 
transforming growth factor-beta (TGF-f) on tensile strength of 
experimental incisions were investigated. A single dose of EGF 
in saline failed to increase tensile strength over controls. Thus, 
EGF was incorporated into multilamellar liposomes, which pro- 
longed the exposure of incisions to EGF (p < 0.001). A single 
dose of EGF in multilamellar liposomes produced a 200% in- 
crease in wound tensile strength over controls between 7 and 14 
days (p < 0.05). Light and electron microscopy of the wounds 
revealed increased collagen formation and fibroblast proliferation. 
A single dose of TGB-@ in a collagen vehicle stimulated a 51% 
increase in wound tensile strength at 9 days (p < 0.01). We 
conclude that addition of EGF and TGF-@ in appropriate vehicles 
stimulates early transient increases in wound tensile strength in 
normal rats. 


EALING OF INCISIONS is a complex, dynamic 
H process, which is characterized by the integrated 
actions of different cells. The process of wound 
healing has been separated into broad general phases of 


inflammation, cellular proliferation, and collagen synthe- 
sis, followed by collagen remodeling and maturation. Re- 


cent data suggest that these cellular processes are con- 


trolled by autocrine or paracrine factors or both, including 
platelet-derived growth factor (PDGF), transforming 
growth factor-beta (TGF-8), fibroblast growth factor 
(FGF), and epidermal growth factor (EGF), which are 
released in the area of the wound by various cell 
types. !~? 
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Several defined peptide growth factors, including EGF, 
PDGF, FGF, and TGF-@, have been shown to stimulate 
cellular proliferation and synthesis of the extracellular 


matrix“ $ and have been evaluated with various animal. 


models of wound healing. Repeated topical application 
of EGF accelerated epithelial regeneration of primate 


corneas’ and epidermal regeneration in pigs!® and in- 


creased tensile strength of unsutured corneal incisions.”"!! 


Also, repeated injections of EGF or prolonged release of 
EGF from inert polymers elevated the level of DNA and 
extracellular matrix in cellulose sponges implanted under 
the skin of rats.'*!° A single subcutaneous injection of 
TGF-6 induced transient fibrosis in vivo, and TGF-8 
stimulated collagen synthesis by rat kidney fibroblasts in 
vitro." 

_ Locally applied growth factors, which enhance natural 
incisional healing, could be an important addition to the 
surgeon’s armamentarium for patient care. Therefore, we 
investigated the effects of EGF and TGF-@ on tensile 
strength of sutured incisions on the backs of normal rats. 


Materials and Methods 


Materials 


Biosynthetic human EGF was provided by Chiron 
Corporation (Emeryville, CA) and was synthesized by 
cloned yeast cells transfected with a vector containing a 
synthetic gene encoding the sequence of human EGF." 
EGF was purified by high-pressure liquid chromatography 
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(HPLC), and biologic activity was confirmed by stimu- 
lation of DNA synthesis in 3T3 fibroblasts.'° Biosynthetic 
human TGF-8 was provided by Genentech (South San 
Francisco, CA), and biologic activity was confirmed by 
soft agar assay.’° Lipids and solvents utilized in production 
of liposomes and other chemicals were from Sigma 
Chemical Co. (St. Louis, MO). Multilamellar lecithin li- 
posomes and single lamellar liposomes (phosphatidyl- 
glycerol, phosphatidylcholine, and cholesterol [1:4:5]) 
were prepared as described previously.!”!® The amount 
of EGF entrapped in liposomes (10 ug/ml) was calculated 
by measuring the amount of a trace }*°I-EGF present in 
the purified liposomes. 


General Wound Model 


Adult male Sprague-Dawley rats weighing 230-250 g 
were anesthetized with ketamine and xylazine and shaved. 
A single 5-cm interscapular incision penetrating the pan- 
niculus carnosus was created in the dorsal midline. Test 
solutions were placed in the base of incisions, which were 
then closed with five evenly placed interrupted horizontal 
mattress sutures of 5-0 Ethilon (Ethicon, Inc., Somerville, 
NJ). Rats were housed in individual cages with unre- 
stricted food and water. At predetermined intervals after 
surgery, rats were sacrificed by carbon dioxide inhalation, 
and the entire incision, including surrounding non- 
wounded skin, was excised, the panniculus carnosus re- 
moved, and the tissue immediately placed on ice-cooled 
dishes until tested for tensile strength. From each incision, 
three test strips approximately 5 mm wide were cut per- 
pendicular to the original incision, one from the middle 
and one from each end. Tensile strength was measured 
with a Unite-O-Matic FM-20 tensometer (United Cali- 
bration Group, Garden Grove, CA) at a velocity of 20 
mm/minute and was expressed as Kg/cm° (wound tear 
strength). Mean and standard deviation values were cal- 
culated for each experimental condition. The data were 
compared with one-way analysis of variance (ANOVA), 
and where differences existed, these were identified by 
means of Student’s f-test or the paired t-test where ap- 
propriate. All animal experiments were conducted under 
protocols approved by the Institutional Animal Care and 
Use Committee of the University of Louisville. 


Histology 


Specimens were placed in 10% neutral buffered for- 
malin, processed through paraffin, sectioned, and stained 
with hematoxylin and eosin. Specimens for electron mi- 
croscopy were fixed in cacodylate-buffered 2% glutaral- 
dehyde, embedded in epoxy resin, sectioned and stained 
with uranyl acetate and lead citrate, then examined with 
a H-500 electron microscope. 
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Incisions Treated with Single Doses of EGF Formulated 
in Saline or Hydrogel 


A single interscapular incision was created on the back 
of 33 rats as described above, and the rats were divided 
into three treatment groups. One group received 1 ml of 
phosphate-buffered saline (PBS) containing 10 ug of EGF, 
one group received 1 ml of PBS alone, and one group was 
untreated. Tensile strengths were measured 10 days after 
surgery as described above. 

In a similar experiment, single incisions were created 
on the back of 60 rats, and the rats were divided into three 
groups. One group of incisions was treated with | ml of 
hydrogel (KY Jelly, Johnson and Johnson, New Bruns- 
wick, NJ) containing 10 ug of EGF, one group received 
| ml of hydrogel alone, and a third group was untreated. 
Tensile strengths of rats from each group were measured 
at 7, 14, 21, and 28 days and compared by one-way 
ANOVA. 


Incisions Treated with Repeated Doses of EGF in Saline 


Interscapular incisions were created as described on the 
backs of 22 rats. An 18-gauge perforated intravenous 
catheter was placed in the base of the incision and brought 
out through a separate stab incision at the base of the 
neck. Incisions of 11 rats were treated 3 times per day for 
5 days by rapidly injecting 500 pl of PBS containing 50 
ug of EGF into the catheter, while 11 control rats received 
injections of PBS. Six days after surgery, catheters were 
removed from all rats. Seven and 14 days after surgery, 
rats were killed and tensile strength was measured as de- 
scribed and compared using one way ANOVA and Stu- 
dent’s t-test. 


Stability of Liposome-Encapsulated EGF 


Multilamellar lecithin liposomes were prepared con- 
taining '*°J-EGF together with insulin as a carrier protein. 
One-milliliter aliquots containing approximately 20,000 
cpm were placed inside dialysis tubing with molecular 
weight cut off at 20,000 daltons. Samples were then di- 
alyzed against 1 L of PBS containing 0.002% sodium azide 
at either 37 C or 4 C. At daily intervals, each dialysis bag 
was removed and the amount of '°I-EGF remaining in 
the bags was measured by gamma scintillation counter. 
Each bag was then placed in 1 L of fresh PBS solution 
and dialysis continued. In addition, multilamellar lipo- 
somes containing EGF were dialyzed at 37 C against a 
solution approximating interstitial fluid, which was pre- 
pared by diluting plasma threefold with PBS containing 
0.002% sodium azide. 
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TABLE 1. Tensile Strength of Incisions Treated with a Single Dose of EGF 


7 Days 
EGF-hydrogel 1.69 + 0.15 (15) 
Hydrogel 1.43 + 0.16 (13) 
Untreated 2.42 + 0.21 (10) 


14 Days 


4.10 + 0.34 (15) 
4.78 + 0.41 (15) 
4.87 + 0.36 (14) 


21 Days 28 Days 
11.01 + 0.79 (15) 
13.46 + 1.50 (14) 
12.22 + 1.20 (13) 


22.81 + 1.68 (14) 
22.21 + 2.32 (14) 
23.10 + 1.92 (14) 





Each incision received 1 mL of hydrogel containing 10 ug of EGF, 1 
mL of hydrogel alone, or was untreated. Values are the mean + standard 


Retention of EGF in Incisions 


A single incision was created on the back of 48 rats as 
before. The rats were divided into four equal groups, and 
each group received !7°J-EGF and insulin carrier protein 
combined with PBS, 1% hyaluronic acid, multilamellar 
liposomes, or single lamellar liposomes. One milliliter of 
a test solution was placed in the base an incision and then 
sutured as described. At daily intervals, three rats from 
each of the four groups were sacrificed, and incisions with 
3 mm of surrounding nonwounded skin were excised. 
Residual '*°I-EGF was measured with a Beckman 4000 
gamma scintillation counter (Beckman Instruments, Palo 
Alto, CA) and expressed as a percentage of total EGF 
applied in each incision. At each time point, the average 
amount of EGF retained in the incision for each formu- 
lation was calculated. The data were compared using one 
way ANOVA and Student’s t-test. 


Incisions Treated with Liposome-Encapsulated EGF 


Two separate experiments were performed with EGF 
formulated in multilamellar liposomes.’’ 

In the initial experiment, a single, interscapular incision 
was created on the backs of 36 rats as described above. 
The rats were divided into three equal groups. One group 
received 1 ml of PBS containing 10 ug EGF encapsulated 
in multilamellar liposomes, a second group received 1 ml 
of PBS with liposomes containing no EGF, and a third 
group received | ml of PBS alone. At 7, 14, 21, and 28 
days after surgery, rats were killed, and triplicate tensile 
strength measurements were obtained. Tensometer ve- 
locity was set at 5 mm/minute. 

In the second experiment, 72 rats were divided into 
three equal groups and treated as described. Rats were 
killed at 7, 14, 21, and 28 days, and triplicate tensile 
strength measurements were obtained from each rat, with 
tensometer velocity increased to 20 mm/minute. Results 
were compared with one-way ANOVA and Student’s 
t-test. 


Incisions Treated with TBF-B in Vitrogen 


To provide paired analysis, parallel incisions 10 cm in 
length were made through the panniculus carnosus | cm 
on either side of the dorsal midline of 18 adult male 
Sprague-Dawley rats (450 g). One incision of each rat was 


error of the mean expressed as kg/cm’; n for each group is expressed in 
parentheses. 


treated with 1 ml of Vitrogen collagen (Collagen Corpo- 
ration, Palo Alto, CA), and the other incision was treated 
with 1 ml of Vitrogen collagen containing 2 ug of 
TGF-8. Incisions were closed with three evenly placed 
interrupted sutures of 3-0 Ethilon (Ethicon Inc., Somer- 
ville, NJ). At 5, 9, and 14 days after surgery, six rats were 
killed, and tensile strengths were measured as before. The 
two treatment groups were compared for statistical sig- 
nificance using one-way ANOVA and paired t-test anal- 
ysis. 


Results 


Effect of a Single Dose of EGF-Saline on Tensile Strength 


Utilizing a simple formulation for administering a single 
dose of EGF, incisions were treated with EGF dissolved 
in phosphate-buffered saline. The average tensile strength 
of incisions treated with EGF was not significantly dif- 
ferent than incisions treated either with PBS or simply 
sutured at 10 days after surgery (2.81 + 0.96 vs. 2.64 
+ 0.69 vs. 2.84 + 0.68 kg/cm?, respectively). In the second 
experiment, tensile strength of incisions treated with a 
single dose of EGF formulated in hydrogel was not sig- 
nificantly different than incisions treated with hydrogel 
vehicle alone or untreated incisions at 7, 14, 21, or 28 
days (Table 1). 


Effect of Repeated Doses of EGF-Saline on Tensile 
Strength 


EGF-treated incisions were an average of 35% stronger 
than saline-treated incisions 7 days after surgery (p < 0.02) 
(4.51 + 1.54 vs. 3.33 + 1.30 kg/cm’). Fourteen days after 
surgery, the tensile strength of EGF-treated and saline- 
treated incisions were not different (6.23 + 1.34 vs. 6.55 
+ 1.87 kg/cm7). Microscopically, the tract of the EGF- 
treated incision 7 days after surgery was very narrow with 
closely opposed edges. A plug of epidermal cells extended 
a short distance into the incision and then progressed into 
an intermittent string of cells. In comparison, the saline- 
treated incision was filled by a wide plug of epidermal 
cells extending the full length of the incision. The 14-day 
Specimens showed no appreciable differences. 
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Stability of Encapsulated EGF 


Since EGF formulated in PBS or water-miscible gel 
failed to increase tensile strength, we next developed for- 
mulations which would retain EGF in the area of inci- 
sions providing prolonged exposure of cells to EGF. Mul- 
tilamellar liposomes containing '*°J-EGF were prepared, 
and their stability was determined by dialysis against saline 
or simulated interstitial fluid. After 14 days of dialysis 
against PBS at 37 C, 43% of the '*I-EGF was lost from 
the liposomes, and at 4 C, 31% was lost. The rate of loss 
of radioactivity from the dialysis bags was linear for sam- 
ples dialyzed at either 37 C or 4 C (correlation coefficient: 
at 37 C, r = 0.99; at 4 C, r = 0.99). After 14 days of 
dialysis against simulated interstitial fluid at 37 C, 67% 
of the liposomes remained intact as measured by either 
centrifugation or dialysis of the liposomes. 


Retention of EGF in Incisions 


The EGF-liposome preparations demonstrated sub- 
stantial stability in vitro. Therefore, we measured the rate 
of loss of EGF from incisions in vivo using EGF-liposomes. 
As shown in Figure 1, 22% of the '*I-EGF formulated in 
saline and 23% of the 'I-EGF formulated in 1% hyal- 
uronic acid were retained in the incision 1 day after sur- 
gery, and about 16% was retained after 2 days. Slightly 
more '*°J-EGF was retained in incisions when formulated 
in single lamellar liposomes (37% after 1 day, dropping 
to 4% after 3 days). Significantly higher levels of '°I-EGF 
were retained in incisions for extended periods by mul- 
tilamellar liposomes entrapping EGF (62% after 1 day, 
48% after 2 days, and 11% after 5 days). 


Effect of Liposome-Encapsulated EGF on Tensile Strength 


Based on the superior retention of EGF in incisions 
when formulated in liposomes, we tested the effect of a 
single application of multilamellar liposomes containing 
EGF on tensile strength of incisions. In the first experi- 
ment (Fig. 2A), tensile strength of incisions treated with 
EGF-liposomes was three times greater than saline or 
blank liposome incisions (4.04 + 0.36 vs. 1.42 + 0.12 vs. 
1.36 + 0.11 kg/cm’, respectively) 14 days after surgery (p 
< 0.01). Twenty-one days after surgery, tensile strengths 
of control incisions had increased to equal the strength 
of EGF-treated incisions. Twenty-eight days after surgery, 
tensile strengths of all three treatment groups continued 
to increase, and all groups had similar tensile strengths. 
No significant difference was observed between incisions 
treated with saline or blank liposomes at any point. 

Light and electron microscopy of incisions 14 days after 
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Fic. 1. Retention of EGF in incisions. Forty-eight adult male Sprague- 
Dawley rats were divided into four equal groups. One of four formulations 
containing }*°1]-EGF and unlabeled insulin as carrier was then placed in 
the base of the incisions: multilamellar liposomes (ML-EGF) (@), single 
lamellar liposomes (SL-EGF) (V), hyaluronic acid (HA-EGF) (0), saline 
(saline-EGF) (©), Values are the mean and standard deviation of three 
incisions. *p < 0.001 ys. HA-EGF and vs. saline-EGF. 


treatment with EGF-liposomes revealed a hypertrophic 
epidermal layer with reformation of an early basement 
membrane directly over the incision. Many active fibro- 
blasts containing abundant rough endoplasmic reticulum 
were present in the incision, accompanied by new collagen 
formation. In comparison, untreated incisions or incisions 
treated with blank liposomes had substantially less hy- 
pertrophy of their epidermal layer with no basement 
membrane reformation. At the ultrastructural level, con- 
trol incisions had less collagen remodeling and more tissue 
edema than the EGF-treated incision. 

The 28-day specimen treated with EGF had the ultra- 
structural appearance of a very strong scar with well- 
formed, bonded, and complete collagen with sparse 
ground substance. Large numbers of very active fibroblasts 
were present in the incision tract. In contrast, fewer active 
fibroblasts were present in control incisions. In addition, 
remodeling of collagen was less advanced with consider- 
able ground substance remaining, giving the incisions an 
edematous appearance. 

In the second experiment (Fig. 2B), tensile strengths 
were measured at 7, 14, 21, and 28 days after surgery. As 
tensometer velocity was significantly increased, the results 
from the first and second experiment are not directly 
comparable. At 7 days, the average tensile strength for 
incisions treated with EGF entrapped in multilamellar 
liposomes was approximately threefold higher (p < 0.05) 
than tensile strengths for blank liposomes or saline-EGF 
incisions (6.45 + 1.04 vs. 2.50 + 0.10 vs. 1.95 + 0.14 kg/ 
cm”, respectively). At 14, 21, and 28 days, tensile strengths 
of incisions treated with blank liposomes or saline-EGF 
were not significantly different than the strength of inci- 
sions treated with multilamellar-EGF liposomes. 
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Fics. 2A and B. Tensile strength of incisions treated with EGF-liposomes. Each incision received 1 ml of liposome suspension containing 5 yg of 
EGF (ML-EGF).(@), an equal amount of blank liposomes (ML-blank) (©), or saline (saline) (3). In experiment | (A), tensometer rate was 5 mm/ 
min and n = 9 measurements at each point. In experiment 2 (B), tensometer rate was 20 mm/min and n = 18 measurements at each point. Values 
are the mean and standard error of the means. ™p < 0.01, *p < 0.05 vs. ML-blank and vs. saline. 


Effect of Single Dose of TGF-8 on Tensile Strength 


Since TGF-8 was reported to stimulate collagen syn- 
thesis,* we evaluated the effect of a single dose of TGF-6 
on tensile strength. As shown in Figure 3, wound tear 
strength of TGF--treated incisions was 51% greater than 
control incisions (2.56 + 0.22 vs. 1.69 + 0.19 kg/cm?) at 
9 days after surgery (p < 0.01). No significant differences 
in tensile strengths were measured at 5 or 14 days. 


Discussion 


Healing of incisions is a complex process involving epi- 
dermal regeneration, fibroblast proliferation, neovascu- 
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FIG. 3. Tensile strength of incisions treated with TGF-8 in collagen. Two 
parallel, .5-cm incisions were made through the panniculus carnosus | 
cm on either side of the dorsal midline of 18 adult male Sprague-Dawley 
rats. One incision of each rat received 1 ml of collagen (C), and the other 
incision received 2 ug of TGF-8 in | ml of collagen vehicle (TGF-collagen) 
(m). Values are the mean and standard error of the means and n = 18 
measurements at each point. “p < 0.01 vs. collagen. 


larization, synthesis, and remodeling of extracellular ma- 
trix components.'? EGF has been shown to stimulate mi- 
tosis of epidermal keratinocytes”? and dermal fibroblasts? 
and to promote angiogenesis.) TGF-8 has been shown 
to stimulate collagen synthesis in rat kidney fibroblasts.* 
Thus, EGF and TGF-8 potentially could enhance wound 
healing resulting in accelerated gain of tensile strength in 
incisions. Results of the present study validate the “proof 
of principle” that treatment of exogenous growth factors 


delivered in appropriate vehicles increase tensile strength 


during the early phases of wound healing. 

Previous in vitro experiments have clearly demonstrated 
that cells must be continuously exposed to EGF for 8-12 
hours before they are stimulated to divide.?*”? Thus, the 
vehicle used to deliver EGF to incisions is a key com- 
ponent. Our results demonstrate that EGF formulated in 
saline was very rapidly lost from incisions (80% lost in 24 
hours) and did not increase tensile strength of incisions. 
However, a significant increase in tensile strength was 
produced when EGF formulated in saline was repeatedly 
injected near the incision for 5 days. Furthermore, an 
early increase in tensile strength was stimulated when a 
single dose of EGF was delivered in a delayed release for- 
mulation (multilamellar liposomes), such that there was 
prolonged exposure of growth factor to the wound. 

A similar response was demonstrated by Buckley et 
al.!* using polyvinyl alcohol sponges implanted subcu- 
taneously in rats. Daily injections of 10 ug of EGF into 
the sponges promoted moderate formation of granulation 
tissue. However, when sponges were implanted with pel- 
lets, which continuously released 10 ug of EGF per day, 
increases of capillary ingrowth, DNA content, protein 
content, and wet weight were observed at 7 days. As with 
the present study, the effect was only transient as no dif- 
ferences were observed at 3 or 14 days between sponges 
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containing placebo and EGF-releasing pellets. Laato et 
al.!? also reported that daily injections of 5 ug of EGF in 
PBS into cellulose sponges implanted subcutaneously on 
the backs of rats increased DNA and hydroxyproline con- 
tent at 7 days. However, a single injection of EGF given 
immediately after wounding had no effect on the devel- 
oping granulation tissue. Sporn et al.”* also found that 
daily injections of EGF (20 ng) or TGF-, alone or in 
combination with EGF, into stainless steel wound cham- 
bers on the back of rats stimulated substantial increases 
in protein content after 5 days. Grotendorst et al.° utilized 
stainless steel chambers prefilled with collagen gel con- 
taining EGF, insulin, or platelet-derived growth factor 
PDGF implanted under the skin on the back of rats. After 
14 days, both EGF and PDGF, but not insulin, signifi- 
cantly increased new collagen accumulation compared 
with controls. 

Results from other wound models provide additional 
evidence supporting the importance of prolonged contin- 
uous exposure of EGF to stimulate wound healing. Re- 
peated topical treatment of partial-thickness burns with 
EGF accelerated epidermal regeneration when EGF was 
formulated in vehicles that prolong the exposure of resid- 
ual epithelial cells to EGF."° Brief exposure of mid-dermal 
injuries to EGF formulated in saline failed to stimulate 
healing.” 7 In addition, repeated applications of EGF 
induced hyperplastic regeneration of tympanic membrane 
perforations in cats (unpublished data) and increased ten- 
sile strength of corneal incisions.”"!! 

The mechanism of action of TGF-8 is poorly under- 
stood and may not require continuous, prolonged expo- 
sure to induce biologic responses. For example, a single 
subcutaneous injection of TGF-8 in saline induced fibrosis 
in rats,’ and a single dose of TGF-@ reversed the doxo- 
rubicin-induced impairment of thymidine uptake and 
hydroxyproline production in wound chambers in rats.” 
Our results demonstrate that a single dose of TGF- stim- 
ulated early’ increase of tensile strength in rat incisions. 
Our results are in agreement with those of Mustoe et al.” 
However, the tensile strength of growth factor—treated in- 
cisions, expressed as a percentage of control, was similar 
to control incisions at the end of each sampling period 
(Fig. 4). We conclude that the increase in tensile strength 
stimulated by EGF and TGF-8 is transient in normal an- 
imals. It is probable that the ability of exogenous growth 
factors to accelerate wound healing in healthy animals is 
due to earlier delivery or increased levels of growth factors 
than occurs naturally. 

While no physiologic role for growth factors has been 
definitively established in normal wound healing, recent 
data imply that they may play important roles. In a recent 
clinical trial, biosynthetic human EGF accelerated epi- 
dermal regeneration of donor sites and chronic nonhealing 
diabetic ulcers (unpublished data). TGF-@ levels rise tran- 
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FIG. 4, Percentage tensile strength compared to controls. Mean tensile 
strength values for each growth factor treatment group were expressed 
as a percentage of mean control tensile strength values for each experi- 
ment. Repeated dosage EGF-saline (RD-EGF-saline) (0); multilamellar 
liposome-EGF (ML-EGF) (@); TGF-8-collagen (TGF-collagen) (E). *p 
< 0.05, **p < 0.01 vs. each control incision. 


siently in rat wound chambers,’° and several potent growth 
factors are present in platelet granules. An extract of 
platelets containing growth factor activity stimulated 
healing in chronic skin ulcers.’ Localized deficiency of 
growth factor action may play important roles in a variety 
of impaired wound healing states. 

In summary, the results presented here demonstrated 
that EGF and TGF-8 accelerate early tensile strength gain 
of cutaneous incisions in normal rats. In addition, for- 
mulation of EGF in multilamellar liposomes provided 
prolonged, local delivery of EGF to the wound and in- 
creased early tensile strength. The current availability of 
growth factors through recombinant DNA technology and 
the possibility of clinical applications make them a po- 
tentially important adjunct to the surgeon. Additional 
studies need to be conducted to determine the effect of 
local application of growth factors in impaired wound 
healing models. 
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Reoperative Surgery Ronald K. Tompkins, 555 pp. Philadelphia: 
J. B. Lippincott Co., 1988. $65.00. 


AS Dr. TOMPKINS mentions in the Preface of Reoperative Sur- 
gery, the most important decision that a surgeon makes with 
regard to surgical therapy is when to reoperate. The decision to 
carry out the initial operation, except in the case of an emergency, 
can easily be made because of the preoperative diagnosis, the 
known or suspected pathology, the undisturbed anatomy, and 
most often, the clearcut indication for surgical intervention. Yet 
these facts are not always present when the surgeon is faced with 
a situation requiring possible reoperation. The cause of the com- 
plication, where the source of the bleeding is, and whether the 
anastomosis has broken down or disturbed anatomy are not 
always clear. If symptoms are chronic, the surgeon is certain to 
wonder why the first operation wasn’t successful. 

This book responds to many of the questions one might have 
about crossing this bridge of decision-making and also makes 
suggestions as to the management of many problems or findings 
that might be encountered. 

The text, written by many experts in the surgical field, covers 
most of the subjects in general surgery—primarily the gastroin- 
testinal tract—but also vascular, pediatric, and endocrine surgery. 

I recommend this book to the established surgeon as an aid 
when facing a decision as to “when to operate,” and also to the 
resident and student of surgery who wants to be better-informed 
regarding reoperative surgery. A bibliography is included after 
each chapter, enabling the subject to be researched in greater 
depth. 


OLIVER H. BEAHRS, M.D. : 


Rochester, Minnesota 


Current Surgical Diagnosis and Treatment, 8th Ed. Lawrence 
W. Way. 1202 pp. East Norwalk, CT: Appleton and Lange, 1988. 
$34.50. 


ALTHOUGH THE FIRST EDITION of this soft-covered textbook was 
published barely 15 years ago, Current Surgical Diagnosis and 
Treatment has already become a “classic” in surgical education. 
Despite its 1200 plus page-length, Dr. Way’s book ts fairly con- 
venient and portable. Consequently, it is commonly used (pre- 
dominantly by medical students) on surgical wards, in the caf- 
eteria, as well as in the library. Rather than simply maintaining 
this favored position, Dr. Way and the Lange Publishers have 
made a commitment to update the volume biennially. Hence, 
the 8th edition was recently published. 

Although, superficially, the 8th edition looks very much like 
its immediate predecessor, there have been several changes in 
format. In my opinion, the most useful of these changes was a 
major expansion of the Appendix, which currently provides 
helpful interpretive information in addition to a listing of normal 
values. The Table of Contents has also been considerably ex- 
panded, permitting easy access to specific information. Although 


the Index has been enlarged since the 7th edition to provide 
more detail, this was apparently done at the expense of type- 
size. For the hypermetropic, this is clearly an inconvenience. 
Similarly, the 8th edition has focused on the serial identification 
of subheadings within each chapter. The advantage of increased 
contrast by bolder print was outweighed by substantial reduction 
in the size of these headings. 

Academically, the newer edition has certainly succeeded. 
Referencing was universally updated, and it is impressively cur- 
rent. Although six chapters were “extensively” or “substantially” 
revised, two chapters were totally replaced. The new chapter on 
Head and Neck Tumors, written by Drs. Marshall M. Urist and 
Christopher J. O’Brien, is a considerable iniprovement. With 
an emphasis on the routes of lymphatic drainage, the material 
is both readable and rememberable. On the other hand, I was 
slightly disappointed with the updated chapter on Surgical Me- 
tabolism and Nutrition. As relatively minor criticisms, the sche- 
matic drawings representing the metabolic responses to fasting, 
chronic starvation, trauma, and sepsis were somewhat difficult 
to interpret, and the section on complications of parenteral hy- 
peralimentation seemed relatively superficial. 

Overall, the 8th edition of Current Surgical Diagnosis and 
Treatment is an accurate, organized, current, and comprehen- 
sible textbook. Its level of intensity and detail continue to make 
it suited to review and handy reference by students of surgery. 


BERNARD M. JAFFE, M.D. 
Brooklyn, New York 


Trauma Kenneth L. Mattox, Ernest Eugene Moore, and David 
V. Feliciano. 960 pp. East Norwalk, CT: Appleton & Lange. 
1987. $125.00. 


THIS TEXT IS A COMPREHENSIVE and authoritative treatise on 
trauma. The multiple author approach facilitates the expert 
achievement of many objectives covering all aspects of injury. 
The organization, flow, content, and delivery reflect the vast, 
on-hand experience of the editors. 

Trauma Overview puts trauma in historical perspective, iden- 
tifies the magnitude of trauma today, provides guidelines for 
prehospital care and trauma center planning, and highlights the 
medical-legal challenges to the treatment team that works in 
such a highly volatile and fluid environment. Each portion of 
Trauma Overview is comprehensive and informative. The section 
“General Principles” addresses the current systems of gauging 
severity of injury, field triage according to injury severity, and 
how the mechanism of trauma can lead to cryptic injuries that 
may elude the unwary physician. The deleterious effects of al- 
cohol are also emphasized in this section. 

The “General Management” section provides the reader with 
a thorough review of the initial assessment and resuscitation, 
including factors related to care of the airway, fluid and blood 
therapy, emergency department thoracotomy, and auto-trans- 
fusion. Appropriately the largest section, it deals with the rec- 
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ognition and treatment of specific injuries. All anatomic regions 
are covered. Special emphasis ts placed on the subject of specific 
injuries to intrathoracic and intra-abdominal organs, including 
both the intraperitoneal and retroperitoneal abdominal injuries. 
The expertise of this section will reward the reader at all levels 
of training, from the first-year resident to the practicing surgeon. 

The following section, “Special Problems,” discusses tem- 
perature-associated injuries, burns, radiation injury, snakebites, 
sexual assault, domestic violence, suicide, organ procurement 
as it relates to the trauma patients, and rehabilitation. Each topic 
is thoroughly covered and provides a quick reference source for 
readers who might need some added knowledge on these special 
areas. The “Special Problems” section provides comprehen- 
siveness that other texts lack. The major flaw of this excellent 
text is the absence of a chapter on drug-related problems in this 
“Special Problems” section. Each editor and many contributors 
of this text work in centers where illicit drug-related crime has 
become the most common cause of injury, resulting in stab 
wounds, gunshot wounds, or drug overdose. Despite the prev- 
alence of drug-related injuries, the words crack, cocaine, heroin, 
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mixed jive, and t’s and b’s cannot be found in the index. This 
“Special Problems” section also provides little guidance to the 
trauma surgeon caring for the injured heroin addict, who has a 
significant possibility of being seropositive for AIDS. It is hoped 
that the authors will address these vital issues in the second edi- 
tion. 

The last section highlights the common complications seen 
after severe injury. The teamwork involved in the critical care 
of patients with multiple organ failure, coagulation abnormal- 
ities, ARDS, renal failure, cardiac decompensation, and nutri- 
tional depravation are all well-covered. Each chapter on organ 
failure serves as both a comprehensive guide to therapy and a 
reference source, 

In summary, this comprehensive text will fulfill the need of 
the surgical resident, the practicing surgeon, and the academic 
surgeon. This text is unsurpassed as a current comprehensive 
review of trauma and the surgeon. 


CHARLES E. Lucas, M.D. 
Detroit, Michigan 
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CLASSIFIED AD SECTION 


Classified advertising is avabilable in ANNALS OF 
SURGERY for those recruiting personnel or interested in 
obtaining positions. Display space is available for those desiring 
greater visibility or more space for their message. 


Classified ad copy, like other advertising copy, will be 
reviewed for approval prior to publication. 


Classified Rates: $9.00 per line or fraction of line. The average 
line will be 62 characters. 


Box Numbers: Replies may be directed via Box # to J.B. 
Lippincott Company, at an extra charge per insertion of $6.50 to 
cover handling costs in forwarding such replies to the advertiser. 


How to Order: Send typewritten text copy for the ad with 
remittance in full to: 


ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Classified Advertising Dept. B 
East Washington Square 
Philadelphia, Pa. 19105 
(215) 238-4215 


Deadline: Copy received by the 15th of month will run in the 
second following month's issue, e.g. November 15th for January 
issue. Ads received after the 15th will run in the next available 
issue. 





ANNOUNCEMENT—Baylor University Medical Center, Dallas, 
Texas, “Oncology Practice 1989: A Perspective on Breast Cancer,” 
3rd Annual Conference, Snowmass, Colorado, January 29-Febru- 
ary 3, 1989. For further information, contact: Stephen E. Jones, 
M.D., Charles A. Sammons Cancer Center, Room 4800, Baylor 
University Medical Center, 3500 Gaston Avenue, Dallas, Texas 
715246. Phone: (214) 820-2021. 


BC/BE GENERAL SURGEON to join primary care physician 
group of 16. Position located at divisional site of large multispecialty 
group of +190 physicians. Division located in upper Midwest, 
university community, Box #ANNI2B, J. B. Lippincott Company, 
Philadelphia, PA 19105. 


BC/BE GENERAL SURGEON— To join 4 general surgeons at 
a large multispecialty group in Santa Barbara. Affiliated with 450- 
bed acute care hospital with an approved surgical residency program. 
Excellent living environment, salary and benefits. Send CV to: 
Barbara Volk, Santa Barbara Medical Foundation Clinic, PO. 
Box 1200, Santa Barbara, CA 93102. EOE. 





GENERAL SURGEONS—Prepaid group practice desires to 
increase general surgery staff. Looking for general surgeons interested 
in building a department. Physicians must be from high quality 
residency programs. Positions available immediately. Presently one 
surgeon on staff with membership of approximately 35,000. C.V.s 
to: Eric Cornwell, M.D., Chief of Surgery, Kaiser Permanente 
Medical Group, Inc., 1305 Tommydon St., Stockton, CA 95209. 
(209) 476-3300. 


BC/BE GENERAL SURGEON to join solo general/ vascular 
surgeon in busy private practice. Competitive salary, incentive bonus, 
and benefits package leading to partnership. Service area of 60,000 
in North Georgia, 50 miles from Atlanta, Send CV to J.T. Perry, 
M.D., 962 J.E Harris Pkwy., Suite 202, Cartersville, GA 30120. 
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BURN CARE PHYSICIAN—The University of Utah Health 
Science Center is seeking candidates for the position of Instructor or 
Assistant Professor in General Surgery to work primarily at the 
Intermountain Burn Center in the treatment of acute burn victims. 
The position will include responsibility for managing approximately 
half of the 250 acute burn patients admitted annually to the 
University of Utah. In addition, the applicant will be expected to 
serve as a faculty member in the Division of General Surgery and 
care for general surgical and trauma patients. The position includes 
the opportunity to contribute to the regional burn care facility in 
addition to patient care, teaching, and research in the Division of 
General Surgery. Candidates should be board eligible or board 
certified in General Surgery, and the completion of a fellawship in 
burn care or practical experience in burn care is highly desirable. 
Send Curriculum Vitae to Jeffrey R. Safle, M.D., KA.CS., 
Director, Intermountain Burn Center, University of Utah, Health 
Science Center, 50 No. Medical Drive, Salt Lake City, Utah, 
84132. Application deadline is January 1, 1989. Applications 
submitted after the deadline may be considered if no qualified 
applicants have applied by that time. The University of Utah is an 
affirmative action/equal opportunity employer. 


GENERAL SURGEON: BC/BE surgeon to join another in well- 
established HMO practice in south suburban Boston. Competitive 
salary and benefits. Send curriculum vitae to: Director of Physician 
Recruitment, Medical East Community Health Plan, 45 Bristol 
Drive, South Easton, MA 02375. (508) 559-7250. We are an equal 
opportunity/affirmative action employer. 


GENERAL SURGEON (BE/BC) to join two man surgical 
practice in Piedmont area of S.C. Excellent location near metropol- 
itan area. Broad based surgical practice. University training and 
recent residency preferred. Reply to Box #ANN12C, J. B. Lippin- 
cott Company, East Washington Square, Philadelphia, PA 
19105. 


General Surgeon (BC/BE) with Vascular Fellowship to join busy 
General Surgical practice in Rhode Island. Must be willing to do 
General, Vascular and trauma surgery. Please send CV to Box 
#ANNI12D, J. B. Lippincott Company, East Washington Square, 
Philadelphia, PA 19105. 


GENERAL SURGEON—Challenging opportunity awaits physi- 


cian to expand development in General Surgery Department in 39 


physician multi-specialty clinic. Must be Board Certified. Ambula- 
tory Surgical Treatment Center adjacent to clinic. Average physician 
caseload as follows with expected growth: 290 major cases/year and 
270 minor cases/year. Level H trauma center imminent at hospital. 
Opportunity exists for affiliation with Southern Ilinois University 
Medical School. Minimal capital investment with equity for future. 
Flexible compensation package with generous fringe benefits 
including health and disability insurance, vacation, CME leave, and 
profit sharing retirement plan. Fee-for-service plus prepaid HMO. 
Population 28,000 plus 25,000 SIU students. Contact: William R. 
Hamilton, M.D., Medical Director; Carbondale Clinic, 2601 
West Main Street, Carbondale, IL 62901 or call (618) 549-5361. 


GENERAL SURGEON—Excellent opportunity for BC/BE 
General Surgeon to affiliate with a well established solo practice in 
Northern California near Sacramento in an upscale and rapidly 
growing community. Financial relationship negotiable. Please call 
collect Physician Relations Manager 916-537-5009 or mail CV to: 
Physician Relations Manager, Mercy San Juan Hospital, 6501 
Coyle Ave., Carmichael, CA 95608. 
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GENERAL/THORACIC SURGEON--CALIFORNIA: We 
need a very special General Surgeon who is also trained in Thoracic 
Surgery, and interested in an excellent practice doing General and 
Thoracic surgery, no open heart. We offer the opportunity to 
establish private practice with no investment, guaranteed income. 
Our service area population is 90,000. Located in Central California 
near Sequoia National Park, Tulare offers a family-oriented envi- 
ronment, beautiful homes attractively priced, abundant recreation, 
good schools, restaurants, services and shopping. New businesses are 
contributing to the steady growth of our active community, where 
the lifestyle advantages of a small city are combined with easy access 
to all California’s attractions. For more information, please send CV 
or call: Tulare District Hospital Physician Recruiting Office, 
P. O. Box 90112, Los Angeles, CA 90009, (213) 216-2687. 


GENERAL/VASCULAR SURGEON—North Carolina, New 
Jersey, and Nationwide Opportunities. BE/BC. Dr. Len Goodman, 
SMA, P.O. Box 25786, Charlotte, NC 28229, 704-536-2527. 


GENERAL AND VASCULAR SURGEON: Opening for a BC/ 
BE associate in the field of general surgery in a Northwestern 
community, Some thoracis and vascular; heavy endoscopy. Popula- 
tion 10,000 with a 40,000 service area. Office is in a new medical 
clinic adjacent to a new 82-bed hospital. CT available as well as 
Level ITI trauma rating. Please submit resume to Box ANNI2E, 
J. B. Lippincott Company, Philadelphia, PA 19105. 


FLORIDA GULF COAST—HM6O seeks board certified General 
Surgeon with 4 or 5 years experience for busy outpatient and 
inpatient practice. Salaried position/excellent benefits. Send CV in 
confidence to NAS REPLY SERVICE, Dept. 12 TP 3, BO. Box 
14279, Tampa, FL 33690, EOE. 


HAWAII/GENERAL SURGEON—Board  certified/eligible 
general surgeon with or without vascular subspecialty training 
needed to join a large pre-paid multispecialty group in Honolulu. 
Competitive salary and excellent fringe benefits, Applicants from 
high quality residency programs will be considered. Send CV to: 
Hawaii Permanente Medical Group, Inc., 3288 Moanalua Road, 
Honolulu, HI 96819. An equal opportunity employer. 


OVERSEAS—Central Pacific—2500 American men, women 
and children are utilizing a fully equipped 25 bed hospital at 


' Kwajalein Atoll in the Marshall Islands. There is need for a General 


Practitioner Surgeon. If interested in year-round windsurfing, scuba 
diving, sailing, fishing, golf, etc., and the possibility of a US Tax Free 
Income, we invite you to forward your resume to Pan AM World 
Services, Ine., 7700 Edgewater Drive, Suite 522, Oakland, CA 
94621. A valid medical license in one of the 50 States and US 
citizenship are required. Married status, a full range of benefits, free 
housing and reduced air fare are available for you and your family. 
Top educational curriculum and school facilities K-12 are on Island. 
Requirements for General Practitioner Surgeon who can do family 
practice: 3 years in general practice and have general medical 
privileges in a recognized approved hospital in the United States. In 
the same hospital you will have intermediate and minor surgical 
privileges. A capability in the practice of Orthopedics is desirable. 
US or RMI Citizenship Required, Equal Opportunity Employer M/ 
F/W/H. 





SURGEON—American University Trained, Board Certified, 
FACS; experienced vascular and chest. Desire relocation in South 
or West. Good schools a must. Reply Box #ANNI2A, J. B. 
Lippincott Company, Philadelphia, PA 19105. 


' POSTDOCTORAL NUTRITION TRAINING at the University 


of Pennsylvania Medical Center (James L. Mullen, M.D., Program 
Director). Six 1-year appointments available 1 July 1989. Four 
NIH-sponsored research traineeships in Cancer & Nutrition and two 
Clinical Fellowships in Nutrition/Metabolism are awarded on an 
equal, opportunity basis. Research traineeships are available for 
M.D.’s with 2 years of residency training and Ph.D.’s. Individuals 
with 3 years of residency training may apply for the Clinical 
Fellowships. Deadline 1 February 1989. Contact: Irene Feurer, 
M.S.Ed., Department of Surgery, 4 Silverstein, HUP, 3400 
Spruce Street, Philadelphia, PA 19104. Telephone 215-662- 


6156. 


RESEARCH FELLOWSHIP-—- Research Fellowship in thoracic 


- oncology available for two to three years. Projects include the 


immunology and biology of lung cancer and studies on molecular 
mechanisms of metastases. Salary is supported by an NIH Training 
Grant. Applicants must U.S. Citizens or permanent residents 
enrolled in a General or Thoracic Surgery Residency Program. Send 
curriculum vitae and three references to Dr. Jack A. Roth, 
Chairman, Department of Thoracic Surgery, Box 109, Univer- 
sity of Texas M.D. Anderson Hospital and Tumor Institute, 1515 
Holcombe Blvd., Houston, Texas 77030. An Equal Opportunity/ 
Affirmative Action Employer. 


SURGEON: Three young surgeons with a well established group 
practice in beautiful Central Pennsylvania are seeking a fourth 
general, oncologic, or colorectal surgeon. Excellent starting salary, 
early partnership, and plenty of vacation time available. Excellent 
medical community with all medical/surgical subspecialties avail- 
able. Please send CV to Timothy J. Pagana, M.D., FACS, 699 
Rural Avenue, Williamsport, PA 17701. 


SPECIAL ONCOLOGIST: The University of Maryland, Depart- 
ment of Surgery, has an opening for a Surgical Oncologist at the 
Assistant Professor level effective July 1, 1989. Candidates must 
have a major commitment to laboratory research. The University of 
Maryland has a comprehensive Cancer Center to which the 
successful candidate will receive a secondary appointment. Please 
send curriculum vitae and 3 references to: Anthony L. Imbembo, 
M.D., Professor and Chairman, c/o Linda L. Pascoe, Clinical 
Administrator, Department of Surgery, University of Maryland 
Professional Building, Suite 320, 419 West Redwood Street, 
Baltimore, Maryland 21201. AA/EOE 


SURGICAL ONCOLOGY FELLOWSHIP—Harvard Affiliated 
Teaching Hospitals. Two NIH funded Surgical Oncology Research 
Fellowships are available July, 1989. Eligibility: 1) Surgical residents 
who have completed at least two years of residency training. 2) Chief 
Residents in surgery and recently graduated board eligible surgeons 
wishing to pursue academic careers in surgical oncology. Training 
Facilities: This fellowship is based at the New England Deaconess 
Hospital, The Dana Farber Cancer Institute, and other Harvard 
affiliated teaching hospitals and their research institutions. The two 
year fellowship will provide intensive research training in oncology, 
immunology and tumor biology. Graduate courses at Harvard 
Medical School will supplement the laboratory experience. Formal 
clinical rotations in medical and radiation oncology will provide 
multidisciplinary exposure. Competitive salary is commensurate 
with level of training and experience. Applicants interested in this 
fellowship are invited to send their curriculum vitae to: Department 
of Surgery, Attn: Surgical Oncology Fellowship, New England 
Deaconess Hospital, 110 Francis Street, 3A, Boston, MA 02216. 


TRAUMA SURGEON/DIRECTOR— 650-bed teaching hospi- 
tal in Mid-Atlantic region with Level I Trauma Service seeks 
fellowship trained Trauma Surgeon to direct trauma program. State- 
of-Art Trauma facilities, regional medivac system and high patient 
volume. Contact Ms. Picone 201-746-8877, or send CV to EHSC 
Inc., 39 South Fullerton Avenue, Montclair, N.J. 07042. 


The Department of Surgery at the University of Utah School of 
Medicine is seeking a fully credentialled vascular surgeon for its full- 
time faculty. Candidates should be certified by the American Board 
of Surgery and eligible for the Certificate of Special Competence in 
Vascular Surgery. Extensive clinical experience in the management 
of both arterial and venous disease is required and documented 
investigational interests and ability, particularly in the area of laser 
technology are desirable. Reply with curriculum vitae to William A. 
Gay, Jr., M.D., Professor and Chairman, Department of 
Surgery, University of Utah, 50 North Medical Drive, Salt Lake 
City, Utah 84132. Deadline for receipt of applications is January 
1, 1989. Applications submitted after the deadline may be consid- 
ered if no qualified applicants have applied by that date. The 
University of Utah is an affirmative action/equal opportunity 
employer. 





The Department of Surgery at the University of Utah School of 
Medicine is seeking a surgical oncologist for the full-time faculty. 
Candidates should be certified by the American Board of Surgery 
and have specialized clinical and investigative experience in surgical 
oncology. Clinical experience in the management of complex 
malignancies is required and documented investigational interest and 
expertise is highly desirable. Individuals whose investigative efforts 
involve interleukin-2 and other aspects of tumor immunology will 
receive particularly close attention. Reply with curriculum vitae to 
William A. Gay, Jr., M.D., Professor and Chairman, Department 
of Surgery, University of Utah, 50 North Medical Drive, Salt 
Lake City, Utah 84132. Deadline for receipt of applications is 
January 1, 1989. Applications submitted after the deadline may be 
considered if no qualified applicants have applied by that date. The 
University of Utah is an affirmative action/equal opportunity 
employer. 





VASCULAR SURGEON—Board certified/eligible vascular sur- 
geon needed to join 300 physician multi-specialty group in 
Sacramento, CA. Competitive salary and excellent fringe benefits. 
Ninety miles from Sierra skiing and San Francisco. California license 
required. Send curriculum vitae to: Mrs. Carolyn Whelan, The 
Permanente Medical Group, Inc., 2025 Morse Avenue, Sacra- 
mento, CA 95825. EOE. 
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DIRECTOR 
DEPARTMENT OF SURGERY 


The Methodist Hospital is a progressive 514-bed acute 
care teaching hospital located in the landmark Park 
Slope Brooklyn community. We are affiliated with the 
State University of New York Health Science Center at 
Brooklyn. The ideal candidate will have the following 
qualifications: 


e Board certification in Surgery 

e Experience as a Director or Associate Director of 
Surgery 

e Thorough knowledge of graduate medical education 
and residency review process 

e Qualify for senior academic medical school 
appointment 

e Demonstrated academic and research activities 


We offer a competitive salary with a comprehensive 
benefits package. 


Submit Curriculum Vitae to Search Committee c/o Don 
A. Rece, President: 
THE METHODIST 
HOSPITAL 
P.O. Box 159008 
506 Sixth Street 
Brooklyn, NY 11215-9008 


an equal opportunity employer m/f 
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If the movement needs improvement... 
Colace or Peri-Colace 


(ON 






Recommend the time-tested anticonstipants that relieve gently and reliably. 
Colace (docusate sodium) softens the stool and helps prevent straining ... 
especially important for patients with anorectal disorders. 

When laxative action is also needed, Peri-Colace (casanthranol and docusate 
sodium) both softens stools and stimulates peristalsis to correct constipation, 
usually overnight. 

Colace offers you the flexibility of 50mg or 100mg capsules, syrup or liquid. 
Peri-Colace is available in both capsules and syrup. Recommend them with 
confidence for virtually all your adult and pediatric patients. 


Gentle relief you’ve relied on for over 25 years 


GOLAGE sw» PERIGOLACE @ 


(stool softener) (laxative plus stool softener) < 





Mead Himan 


PHARMACEUTICALS 
COLACE® is a Registered Trademark of Mead Johnson & Company. © 1988 Mead Johnson & Company, Evansville, Indiana 47721 U.S.A. J-K35 


